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ABSTRAGT 

This study identified information requirements for  effective management 

and conservation of our Coastal Zones, and determined what significant 

problem-oriented data could best  be provided by space platforms. 

Information needs were classified into the major pr ior i t ies  of Pollution, 

Fisher ies ,  Hazards to Shipping and Coastlines, and Geography/Hydrology/ 

Cartography. Experiment requirements  and associated missions were inde- 
pendently developed fo r  each Gf these,  and for  a multi-priority mission. 

Optimum and minimum sensor  payload groupings and corresrjonding 

requirements were developed for  each priority. 

the selected missions w a s  a lso established. 

The mer i t  of performing 

The resul ts  of the study show that there  is a significant need f o r  Pollution 

and Fisher ies  dedicated payloads, 

Cartography, there  a r e  requirements  that EOS A/@could fulfill and 

which will  not be providEd by other spacecraf t  i n  the 1974-76 time frame, 
A mission dedicated to the Hazards priority would not provide significant 

additional information beyond that current ly  planned by other spacecraf t  

programs. 

F o r  coastal  Geography/Hydrology/ 

.I. 

"'Throughout the report  EOS A / B  is r e fe r r ed  to as  ERTS E/F,  

i 
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A 

ERTS E/F STUDY 

F I N A L  R E P O R T  
A P P E N D I X  A 

QUANTITATIVE M E A S U R E M E N T  REQUIREMENTS 

F O R  THE R E M O T E  S P A C E  OBSERVABLES 
AND 

S P A C E  PROGRAMS CONSIDERED 

Explanation of Symbols 

Solid triangle indicates remote observables that do not relate directly to  
phenomena of interest  o r  are of secondary importance to the measurement 
of those phenamena. 

Open triangle indicates phenomena that are of secondary importance for  
the fulfillment of related specific information needs. 

I Items that are surrounded by a box are measurement requirements that can 
be satisfied by other space programs than E R T S  E/F,  which are expected I to be operational before or during the ERTS E/F time frame.  
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Visible and Near IR Spsctrometry/lnr~yiny for 
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Microwave Radiometry for 
Pollcition - Pollution Dtatc-clion and Classification 
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Recision Ranging for 
Pollution - Pollution Detection and Classification 
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Scattering and reflectivity 
( e . g . ,  oil s l ick from sun-  
ken ship)  
Surface roughness  

Decay Gradients  f r o m  Source  
Variation in s p e c t r a l  qua l -  
ity of water  n e a r  point 
sou rce  ( savage  outfall.  
e tc .  ) . 4 - .  7 

Rates  of AdvanceISyllical  
Variations 

Spec t ra l  mapping at s p e c -  
ified in te rva ls  ( foss i l  fue l  
s l i cks ,  outfall f o r m ,  deb r i s  
e tc .  ) 

Incident re flee t ivi  ty 
( d e b r i s ,  r ed  t ides)  spec t r a l  
var ia t ions,  chlorophyll  
Sur face  roughness  

Shoreline Accumulation 
Shoreline contour,  beach 
pollution (kelp,  d e b r i s ,  
e tc .  ) 

Shallow Water  Accumulation 

G y r e s ,  Eddies ,  Cur ren t  
Bo unda r y Ac c urn ula t i on 

'Water co lo r ,  tonal con:rast 

Tidal M a r s h  Accumulation 
La rge  accumulat ions of 
d e b r i s ,  sewage,  e t c . ,  d i s -  
c 010 rat ion of vegetation 

Biological Acc&ulation 
Major  f ish ki l ls  

- 
ipcctral 
tange 
t-4 - 
, 4 - 1 *  
. 4 - .  7 

4-1. 
. 4 - .  7 

. O l  

. 4 - .  7 

. 4 - 1 .  

. 4 - 1 .  

. 4 - .  7 

. 4-1. i 

4 - .  7 

. 4 - 1 .  

. 4 - 1 .  

.03 
Bd 

.03 
Bd 

100 

. 01 

. 03 

. 01 
Bd 

.03 

. 01 

.03 

. 03 

~~~ 

100 
100 

100 
100 

10 

100 

300 

300 
300 

50 

100 

100 

100 

- 
I' . i'! . '4 , 
Mi I t . * .  - 

25 
25 

25 
25 

. 0 1 -  

25 

50 

50 
50 

25 

2 5  

25 

25 

'11 , g i v i i ) /  
'in i!l I:/ u 
. 1-1 
1-10 

. 1-1 
1-10 

, 1-1 

. 1-1 

.1 -1 
1-10 

. 1-1 

e 1-1 

. 1-1 

. 1-1 

3 
3 

7 
7 

14 

114-7 

7 

7 
7 

7 

3 

7 

1 

1 -  13 



IR Radiornetry/lmaging for 
Pollution - PollLlion Dynamic Y 

Applies to 
Fig 3 

Applications 

IN T ENS1 T Y DIST RI B U TION 
1 .  Surface Patterns 

-- 
Emissivity contrasts due to surface pollu- 

tion 

3 ,  Decay Gradients from Source 
Emissivity variations in vicinity of point 

source 

4 -  
10. Rates of Advance/ Cyclical Va riations 

Isotherm mapping 

13. Gyres,  Eddies ,  Current Boundary Accumula- 
tion 

Surface isotherm mapping of water mass 
boundaries 

14. Tidal Marsh Accumulation 
Areal extent of marshes  

L 

- 
round 
!solution 
Feet - 
500 

200 

500 

500 

500 

- 
:*o.v* 
Miles - 
!5 

10 

!5 

50 

- 
ccuracy 
O K  - 
1 

5 

5 

2 

- 
5 

Jbservation 
req uenc .j 

Days 

2 

14 

1 / 4 - 7  

7 

a 
1-14 
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Rodor Scatteromtry/lmaging for 
Pollution - Pollution Dynamics 

Applications 

IN T EN SI T Y DX ST RI B U TION 
T-Surfa c e Pat te rn s 

--I___ 

Surface roughness modifications effected 
by s l icks  

2. Surface Indications of Subsurface Pollutants 
Wave and slope variations (modification 

of capillary wave structure) 

4 -  
5.  Rates of Advance/ Cyllical Variations 

Waves and overall  surface roughness 
changes 

11. Shallow Water Accumulation 
Overall surface roughness 

14. Tidal Marsh Accumulations 
Areal extent of marshes  (land-water 

boundary) 

- 
round 
!sol utior 
Feet - 
500 

500 

so0 

200 

SO0 

Appries to 

3N 
-2 1 

VBN 
0 -2) 

\IBN 
0 -2) 

JBN 
0 -2) 

4BN 
0 -2) 

Gmmtion 
.equency 

Days 

2 

7 

4-7 

7 

30 

1 - 1 5  



Recision Ranging for 
Pollutior_ - Pollution Dynamics 

-~ 

INTENSITY DISTRIBUTION 
None 

- 
:ield of 
/iew 
Miles - 

ample 
pacing 
Mi I es 

jotprint 
iameter 
Feet - 

Applies to 
Fig. 3 

Accumcy 
cm 

Observation 
Frequency 

Days 

3 

~ 

1-16 



Microwave Radiometry fot 
Pollution - Pollution-Dynamics 

Applications 
b. .. # 

INTENSITY DISTRIBUTION 
1. Surface Patterns 

Surface roughness, 
surface temperaturi 
and s a l i n i t y  

2. Surface Indications 
of Subscrface Pollu- 
tan ts  

Emissivity orcper- 
t ies of surface 
foam, oil s l i c k s  
etc. 

3. Decay Gradients F-om 

Saline and thermal 
v a r i a b i l i t y  a t  
source 

Surf ace 

- Rates of Advance/Cyl 

Isohaline and %so- 
therm mapping, s u r  

“9 l i c t l  Variations 

0 face roughness 

11. Shallow Water Accum- 

Water surface tem- 
perature and sali- 
n i t y  

u la t  ion 

13. Gyres, Eddies, Cur- 
rent 
ulat ion 

Boundary A c  & - .urn- 
Water mass diserim 
inat ion on the bas 
of temperature and 
s a l i n i t y  

14. Tidal  Marsh Accumule 
t ion 

Areal extent of 
marshes 

- 
:ield of 
liew 
Miles 

25 

25 

10 

50 

20 

50 

25 

~~~ ~ 

>round 
teso I u tior 

Feet 

500 

500 

200 

500 

200 

1000 

!rn 

k c  uta c y 
iea t F lyx 
:aI/cm /min 

- 
ccuracy 
?a State - 

BN (0-2) 

BN (0-2 1 

- 

lBN(0-2: 

Applies to 
Fig. 3 

ccuracy 
emP 
I/ 
I \  

.I 

.1 

.5 

.5 

.5 

.5 

05 

kcuracy 
d in i ty  
o/m 

.5  

.1 

1 

.5 

1 

05 

05 

lbservation 
-req uency 
@a ys 

3 

7 

14 

114-7 

3 

7 

30 
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Laser Depth Sounding for 
Pollution - Pollution Dynamics 

Appl icotions 

INTENSITY DZ STRI RUT ION 
11. Shallow Water Accumulation 

Sediment accumulation and redistribution 

12.  Shoreline Accumulation 
Changes i n  nearshore bottom topography 

14. Tidal Marsh Accumulation 
Sedimentation: Short term ( f i l l i n g  i n  of 
sludge, etc,) long term (eutrophication) 

=F 
Spacing 
Feet 

Applies to 
Fig. 3 - 

Ground 
Resolution 
Feet 

509 

100 

300 

~~ ~ 

kcumcy 
feet 

-3 
Frequency 

Days 

90 

90 

90 

1 - 1  8 



Pollution - Pollution Dynamics 

Applications 
-~ 

DISPERSAL MECHANISMS 
1. Source Distr ibut ion 

Distribution of discolored 
water 

2. Inser t ion Rates 
Water c l a r i t y  a t  source 

3. Density/Dilution Vs Depth 
A Sea f loo r  accumulation a t  

o u t f a l l  

4. Physical S t a t e  A Indicators  of state 

6. Emulsification 
A Foam 

9.  Prec ip i ta t ion  
A Bottom color  

11. Difusion Rates 
Turbidity, spec t r a l  mapping 
of  po l lu tan t  d r i f t  

12. Current Circulation 
Turbidity, spectral mapping 
of  po l lu tan t  d r i f t  current  
boundaries 

l3 - Tidal  Flushing/River P l m s  
14. Turbidity, spec t r a l  mapping 

of pol lutant  d r i f t  

16. Wind Dr i f t  
Sea state (glitter analysis)  
Dr i f t  of surface pol lutants  

A 

17. A bulence 
Surface and Mixed Layer Tur- 

Turbidity 
Sea state (glitter analysis)  

- 
tange 
P 

qectml 

- 
.4-. 7 

.4-. 7 

.4-. 7 

.4-1.2 

.4-1.2 

.&.6 

-4-0 7 

.4-. 7 

94-07 

.4-. 7 
ob-. 7 

.4-. 7 

.4-. 7 

;pecml 
kmdwidtl 

.p 

. 01 

.O1  

.01(1) 

. 01 

. 01 
-01 

.01 

.01 

. 01 

. 3  
001 

.Ol 

. 3  

ground 
Resolution 

Feet 

300 

50 

100 

so 

so 

300 

300 

300 

300 

300 
300 

300 
300 

- 
F.O.V. 
Miles - 

5r) 

10 

10 

10 

25 

25 

50 

50 

50 

Slitter 
Pat tern 

50 

50 
;litter 
Pattern 

Applies to 
Fig. 4 

.l-1 

.l-1 

. 1-1 

. 1-1 

.01-1 

. 1-1 

. 01- -1 

'. 01- . 1 

.01-. 1 

1-10 . 1-1 

. 1-1 
1-10 

- ~~~~- ~ 

Obsewotion 
Frequency 

Days 

1 

1 /4 

30 

7 

7 

30 

1 

1 

1 /4 

1 
1 

3 
3 
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IR Radiometry/lmgiq fat 

Pollution - Pollution Dynamics 

Applications 

DISPERSAL MECHANISMS 
1. Source Distribution 

Thermal pollution 

Insertion Rates, Density/Physical State 2 -  

4* n e m a 1  maps 

6. Emulsification A Foam 

10. Evaporation 
A Emissivity indications and evaporation rates 

15. Buoyant Forces 
Surface temperature 

- 

round 
!solution 
Feet 

100 

300 

50 

300 

300 

- 
1.o.v. 
Miles - 
25 

50 

25 

25 

25 

Applies to 
Fig. 4 

- 
ccurocy 
OK - 
.2 

.2 

.1 

-1 

.2 

3 b s e ~ a  tion 
.requency 

Days 

7 

7 

7 

7 

7 
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r;. 
*. 

*:, Radar Scottemmtry/lmoging f o r  
+% 

Pollution - Pollution Dynamics 
..$ 

e .  
.b 

” 

DISPERSAL MECHANISMS 
6. Emulsification 
A Foam 

,, Wind Drift, Surface and Mixed Layer Turbulence 16 - 
A I .  Sea state A 

hound 
esolb,::or 

Feet - 
50 

1000 

- 
F.O.V. 
Miles - 

25 

100 

Applies to 
Fig. 4 

4c c u q c  )I 

BN (0-2) 

IBN (0-4) 

0 bse rva t ion 
Frequency 

7 

1 
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hcirion Ranging for 

Pollution - Pollution Dynamics 

Applications 

DISPERSAL MECHANISMS 
None 

. L  

, '  

t 

- 
liew 
Miles - 
- 
ample 
pacing 
~ i l e s  - 
- 
iameter 
Feet - 

Applies to 
Fti .  4 

1 

u 

4ccuracy 
cm 

Observation 
Frequency 

Days 

3 

1-22 



Microwave Radiometry fot 
Pollut ion - Pollut ion Dytiamics 

Applica tionr 

DISPERSAL MECHANISMS 
1 - Inser t ion  Characteris 
4. t ics 

Mapping t o  deter-  
mine pa t te rn  of 
dispersion from 
source 

6.  Emulsification 
. A Foam 

10. Evaporation 
Change i n  s a l i n i t y  
concentrations i n  
regions of in tense  A evaporation 

12 . Current Circulation 
Current pa t te rn  
recognition on 
bas i s  of tempera- 
t u r e  and s a l i n i t y  
cont ras t s  

13. Tidal Flushing 
Tidal mixing i n  
estuaries by ob- 
serving s a l i n i t y  
concentrations 

14. R i v e r  Plumes 
Extens ion of river! 
i n t o  the  sea 

15. Buoyant Forces 
Surface s a l i n i t y  
and temperature 

l6 - Wind Drift/Mixed Lay1 
”* Turbulence 
A Sea state 

h l d  of 
tiew 
Miles 

25 

25 

25 

50 

50 

50 

25 

100 

>round 
tesolution 

Feet 

50 

50 

300 

300 

300 

500 

100 

1000 

k c  IJracy 
{eat Flyx 
:oI/cm imin  

- 
ccuracy 
!a State 

I 

- 

BN (0-4) 

- 

0 

- 

- 

- 

JBN (0-4 

Applies to 
Fig. 4 

ccuracy 
EmP 
K 

rccuracy 
a I inity 

1 

1 

1 

1 /2 

1 

2 

1 

- 

~~ ~ 

lbservation - -rquency 

Days 

114-3 

7 

7 

11 

1 / 4  

1 / 4 4  

1 

1 
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Laser Depth Sounding for 
Pol lu t im - Pollution Dynamics 

i 1 
i 
9 

Applicotions 

DISPERSAL MECHANISMS 
1. Source Distribution 

Bottom topography 

2 .  Insertion Rates 
. A Sedimentation rates bottom topography 

I 11. Diffusion Rates 
1 Sediment accmulation 

14. River Plumes 
Sedimentation 

Sample 
Spacing 
Feet 

1000 

1000 

1000 

1000 

Applies to 
Fig. 4 - 

6 round 
Resolutiar 

Feet 

200 

200 

200 

200 

Accuracy 
Feet Daw 

90 

90 

90 

90 

8 
1-2 4 



Applies to 
F:g. 5 

Appl icatims 

ENVI RONMENTAI. ACCOM?II)DATION 
1. React ion  Rates A I n d i c a t i o n s  of Chemical Corn- 

----- 

p o s i t  i o n  Changes 

2. Tox ican t s  
S u r f a c e  F i sh  K i l l s  

3. P r e c i p j  t a n t s  
D i s t r i b u t i o n  of Turbid  Water 
( E s p e c i a l l y  i n  E s t u a r i e s )  

4. End Produc t s  A S p e c t r a l  Survey t o  Determine 
Water Compos it i o n  

5. - B i o l o g i c a l  S t i m u l a n t s  
9. Ch lo rophy l l  (As 'Index of 

P r o d u c t i v i t y )  

D i s t r i b u t i o n  of Discolored 
Water Relative t o  Source  

- jpec tra I 
lange 
P - 

.4-. 7 

.4-1.2 

04-• 7 

.4-. 7 

,491.2 

-4-. 7 

;pet trtr I 
landwid t l  

,Q 

.01 

. 0 3  

.Ol 

. r ) l  

01 

.Ol 

300 

100 

300 

300 

300 

100 

- 
F.0.V 
Miles - 

25 

10 

25 

10 

2 5  

25 

Sensgiv ity 
w/m /ST/ 

.01-.1 

.1-1 

.l-1 

.01-. 1 

.l-1 

.l-1 

Observa tior; 
F r eq cr e n cy 

Days 

14 

1 

7 

7 

3 
i 

7 

i 
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t . 
i 

Observa ti on 
Frequency 

Days 

Applies to 
Fig. 5 

IR Radiometry/lmging for 

Pollution - Pollution Dynamics 

Applications 

ENVIRONMENTAL ACCOMYODATION 
2 .  Toxicants 
A Temperature Indications of Toxicant Concentra- 

t ions 

4 .  End Products 
A Emissivity Characteristj cs of Pollutant End 

Products 

11. Bacterial Breakdown 
A 
13. Dilution r Powcr Stations 

Emissivity Changes Due Localized BiodeF,radatior 

Pattern of Dispersal of Thermal Discharge From 

- 
round 
solution 
Feet - 
100 

300 

1000 

1000 
I 

25 

20 

25 

25 

- 
rcc ura cy 
O K  - 

0 .1  

0 .1  

0.1 
-IL 

0 .1  30 I 



ENVIRONMENTAL ACCOMMODATION 
None 

.- 

sround 
l e d  utioi 

Feet - 
- 
.o.v. 

A i  les - 
Ibserva tion 
requency 

Days 

1-2 7 



Recision Ranging for 

Pollution - Pollution Dynamics 
Applies to 
Fig. 5 

Applications 

ENVIRONMENTAL ACCOFfMODATT.CN 
None 

-- 

- 
'ield of 
Jiew 
Miles 

iampie 
ipacing 
Miles 

oo t pr i n t 
)iame ter 
Feet 

Ac c uta c y 
cm 

Frequency 
Days 

e. 9 

1-28 



Microwave Radiometry far 
Pollution - Pollution DynaaGics 

Applies to 
Fig. 5 

Applications 

1 -  Reaction Rates/Toxi- 
3. cantslprecipitants 
(Ir Emissivity Varia- 

tions Due t o  Change 
in the Chemical 
Properties of the 
Water Column 

4. End Products A Emissivity Charac- 
teristics of Pollu- 
tant En5 Products 

11. Bacterial Breakdown 
Emissivity Chan ges 
Due to  Localized 
Biodegradation 

A 

13. Dilution 
Pattern of Dispersa 
of Thermal Discharg 
From Power Stat ions 

- 
?cld of 
/iew 
Miles 

25 

25 

25 

20 

Sround 
?esolutior 
Feet 

~ 

300 

200 

500 

1000 

9cc umc y 
Heat Flyx 
caI/cm /min 

rccuracy 
ea state 

Lccumcy 
=rnp 
K 

~~ 

0.1 

0.1 

0.1 

0.1 

kcuracy 
ialinity 
o/oo 
~~~ ~ 

0.5 

0.5 

a. s 

- 

1-29 

- 3bservation 
Fteq uency 

Dars 

7 

7 

7 

30 



Laser Depth Sounding for 

Pollution - Pollution Dynamics 

Applications - 
ENVIRONMENTAL ACCOMMODATION 
3. -. Precipitants/End Products 
4 .  Sediment a t  ion 

i 

i 

? 

1 
I 

, 

Sampie 
Spacing 
Feet 

Applies to 
Fig. 5 - 

Ground 
Resolution 

Feet 

200 

Accuracy 
Feet 

Q . 5  

Observation , j  
Frequency 

Days 

90 

1-u) 

-3 
J 



Vis ib le  and Near IR Spectrmtry / Imaging f o r  
Pollution - Pollution Effects 

Appl icat ions 

IMPINGEMENT ON ESTHETIC VALUES 
1. Decaying Debris 

Large accumulations (kelp, 
etc.) 

2. Water Contamination A Absorption spectrometry for 
volatile impurities 

3. Biological Kills 
Color correlations (red 
tides, oil slicks, water 
pollution, dead fish) 

4. Coastal Industries 
Air circulation patterns 
Water pollution detection 

5. Dead or Dying Wildlife 
Direct detection of dead 
vildlif e 

6. Beach Debris 
Large accrrmulations (kelp, 
etc.) 

7. Altered Coastal Vegetation 
Spectral imagery (browning 
of coastal vegetation) 

8. Water Discoloration (Slick 

Spectral imagery (fossil 
fuels, etc.) 
Surface roughness 

and Debris) 

9. Coastal Construction 
Coastline alternations 
Sedimentation 
Turbidity 

A wave refraction 

10. Slimy Water 
Spectral identification 
Surface roughness 

11. Sludgy Bottoms 
Shallow water color 

ipectra 
langc 
# - 
.4-1.2 

.4-.7 

. 4-1.2 

-4-. 7 

-4-1.2 

.4-1.2 

.4-1.2 

.4-.7 

.4-. 7 

.4-.7 
04-. 7 
.4-. 7 
.4-. 7 

.4-.7 

.4-.7 

.4-. 7 

ipec t r a l  
3andwi dt 
A - 
.03 

. 01 

.Ol 

.01. 

.03 

.03 

-03 

.Ol 
Bd 

.1 . 01 . 01 
0 . 3  

.01 
Bd 

. 01 (1) 

itWnd 
:esol u t  i o  

Feet - 
100 

300 

100 

10000 
100 

50 

100 

. 100 

so 
50 

50 
100 
100 
100 

100 
100 

100 

F.O.V. 
M i  1 es - 

25 

50 

50 

100 
50 

10 

2s 

50 

25 
25 

50 
50 
50 
25 

25 
25 

25 

Appl ies t o  
Fig. 6 - 
Sen i t i v i ?  rJ/m 5 /ST/& - 
.l-1 

.01-1 

. 1-1 

. 1-1 . 1-1 

. 1-1 

.l-1 

. 1-1 

.l-1 
1-10 

. 1-1 
0 1-1 
.l-1 
.l-1 

. l -1  
1-10 

. l - 1  

Observation 
Frequency 

Davs 

7 

3 

1 

3 

7 

7 

14 

1 
1 

30 
30 
7 
7 

7 
7 

14 

.- 31 



-..L 
Appl i cations 

IMPINGEMENT ON ESTHETIC VALUES 
12. Beach and Bottom Debris 

Shallow Water Buildup 
Large Scale Beach Debris 

13. Sticky Tars 
Large Scaie Floating and 
Beach Deposits 

- 
pectml 
ange 
P - 
4-. 7 
4-. 7 

4-. 7 

;pecmi 
landwidh 

f' 

.01(1) 

.03 

.03 

Ground 
Iesolution 

Feet 

100 
50 

50 

- 
F.O.V. 
Miles - 

25 
25 

25 

t 

Applies to 
Fig. 6 

Sensifivity 
w / m  /sTh 

. l - 1  

. l -1  

. l - 1  

Observation 
Frequency 

Days 

30 
14 

7 



IR Radiometry/fmging for 

Pollution - Pollution Effects 

Applies to 

i 

Appl ica tions 

IWINGEMENT ON ESTHETIC VALUES 
3. Biological Kills A Thermal Pollution 

5 .  Dead or Dying Wildlife I Potential for Thermal K i l l s  (Critical Levels) 

7 .  Altered Coastal Vegetation 
A Thermal Correlations 

Water Discoloration (Slicks and Debris) 
Detection of Slicks Through Emissivity Varia- 1" tions 

10. Sl imy Water 
A Themal Correlations with  Slime Production 

13. Sticky Tars 
Thermal Detection 

round 
!solution 
Feet 

500 

1000 

50 

~- ~ 

F.O.V. 
Miles 

25 

25 

25 

- 
ccuracy 
O K  - 
1 

1 

0 . 5  

0 .1  

Observation 
Frequency 

Days 

30 

30 

30) 
30 

30 

a 
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Radar Scatteromtry/ Iniaging fo r  

Pollution - Pollution Effects a 
Applications 

IMPINGEMENT ON ESTHETIC VALUES 
Water Discoloration (Slick and Debris) 

Slick e f f ec t s  on sea s tate  (capillary 
structure) 

9 .  Coastal Construction A Surf modifications 

10. Sl imy Water A Wave damping e f f e c t s  

;round 
esolutior 

Feet - 
300 

100 

1000 

- 
'.O.V. 
A i  les - 
20 

10 

20 

Applies to 
Fig. 6 

~ 

NBN(O-2 

NBN (2 -4  

NBN(3-2 

1 bserva ti on 
requency 

30 

60 

30 

1-33 
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Precision Ranging for 
Pollution - Pollution Effects 

Applies to 
Fig'. 6 

Appl icotions 

IMPINGEMENT ON ESTHETIC VALUES 
None 

- rield of 
4iew 
Miles 

!ampie 
;pacing 
Miles 

-1 

oo t pr in t ~ 

) i a me ter 
Feet 

Accuracy 
cm 

~~ - 

Observation 
Frequency 

D a n  
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Microwave Radiometry fat 

Pollution - Pollution Dynamics 
- ~~~ 

4 
Applications 

~ ~~ ~~ 

IMPINGEMENT ON ESTHETIC 
VALUES 
3. Biological K i l l s  A Salinity 

Temperature 

5 .  Dead or Dying W i l d l i :  
Potential for Ther- 
mal and Sal inity 
Kills (Critical 
Leve 1s ) 

7.  Altered Coastal Vege- 

A Thermal and Salinii 
Correlations 

tation 

10. Slimy Water A Thermal Correlatioi 

13 .  Sticky Tars 
Thermal Detection 

- 
3eld of 
/iew 
Miles 

25 

25 

25 

25 

10 

>round 
teso I u tior 

Feet 
- 

lo4 

lo4 

lo3 

lo3  

5G 

4ccuracy 
ieat Flyx 
:aI/cm /min 

ccuracy 
?a State 

Applies to 
Flg. 6 - 

rccuracy 
=mP 
K 

4ccuta cy 
;alinity 
o b  

1 

1 

1 

.- 

- 
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3bserva tion 
Frq uency 

Days 

30 

30 

33 

30 

30 



Laser Depth Sounding for 
Pollution - Pollution Dynamics 

Applies to 
Fig. 6 

-- 

Amlications 

IMPINGEMENT ON ESTHETIC VALUES 
9, Coastal Construction 

Water Depth Variations i n  Coastal Waters 

11. Sludgy Bottoms 
Sludge Buildup 

12.  Beach and Bottom Debris 
A Coastal Water Depth Changes Due to Debris 

Accumulation 

Sclmple 
Spacing 
Feet 

10 

10 

10 

7 
6 round 
Resolution 

Feet 

100 

100 

100, 

4ccuracy 
Feet 

1 

0.5 

1 

Dbservation 
Frequency 

Davs 

60 

60 

60 

1- 36 



Visible and Near IR Spectromctry/Imafiing for 

Pollution - Pollution Effects 

Applies to 
Fig. 7 
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Visible and Neat !R Spectrometry/ Imaging for 

Pollution - Pollution Effects 

.== . 
g* Applications 

EFFECTS ON THE MARINE E(1OSfSTEM 
14. Photosynthetic Inhibit ion A Turbidity 

Pro duct i v i  ty ( chlo rophvl 1 ) 
Concentration 

15. Pathological Effects A Visible benthic and pelagic 
a1 terations 

Pollution levels 

.4-. 7 

.4-1.2 

*4-. 7 
.4-. 7 

ipechai 
landw id th 

P 

. O l  
01 

. O l  

.01 

S-round 
iesolut' - 

Feet 

300 
300 

100 
300 

- 
F.O.V, 
Miles - 

50 
50 

2s 
25 

-. 

Applies to 
Fig. 7 -- 

Sansijiv i 3 
w / n  /ST/ 1 

.l-1 

. l-1 

. l-1 

. le1 

. -  --- . 

Obse wa ti on 
Frequency 

Days 

7 
7 

14 
14 

a 

c 
1- 38 



IR Radiomtry/lmplging for Applies to 
Fig. 7 

Pollutica - Pollution Effects 

Applications 

EFFECTS ON THE MARINE ECOSYST!N 
1. Nutrient Insertion 
- 

Point source or outfall location through 
is0 thermal mapping 

4. Thermal Stimulation 
Distribution of isotherms 

5 .  Water Mass Mixing 
Thermal patterns indicative of mixing 

1 3. Environmental A 1  t erat ion 
'iemperature a1 terations 

round 
!solution 
Feet 

100 

100 

300 

500 

- 
r.0.v. 
Mi ler 
D- 

25 

25 

50 

50 

.1 

.2 

.1 

.2 

- 
lbserva tion 
Brequency 

Days 

3 

3 

3 

7 

1-39 
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R&r Scatteromtry/ Imaging for 

Pollution - Pollution Effects 

Applies to 
Fig. 7 

EFFECTS ON THE MARINE ECOSYSTEM 
8. Catastrophic Mortalities 

--- 

- 
teso! utior 

Feet - 
50 

- 
F.O.V. 
Miles - 
25 

Accumc) 

IBN (0-4) 

- 

3bservation t J - 
-requency 

Days 

1 

1-40 



Recision Ranging for 

Accuracy 
cm 

Pollution - Pollution Effects 

- 
)ample 
;pacing 
Miles - Applications 

u- 

EFFECTS ON THE MARINE ECOSYSTEM 
None 

- 
:ield of 
Jiew 
Miles 

ootprint 
biometer 
Feet 

Applies to 
Fig. 7 

Observation 
Frequency 
Days 

1-41 



Microwave Radiometry fot 
Pollution - Pollution Effects 

Applies to 
Fig. 7 

Applications 

EFFECTS ON THE MARINE 
ECOSYSTEM 
1. Nutrient Insertion 

(Sal inity,  tempera- 
ture) out f a l l s  , 
river runoff 

4. Thermal Stimulation 
Distributhn of 
isotherms 

5.  'uJater Mass Mixing 
Thermal and s a l i n i t  
pat terns 

9 .  Encouragement of Unde A sirable  Species 
Sal inity thermal 
inducement 

13. Environmental Altera- 

Sal in i ty  tempera t ur 
alterations 

tion 

Field of 
4iew 
Miles 

50 

25 

50 

50 

50 

;round 
teso i uti on 

Feet 

500 

100 

300 

300 

500 

.cc uracy 
ea State 

,ccuraty 
emP 
K 

~ 

.2 

.2 

.1 

.2 

.2 

4c curacy 
ialinity 
o b  

2 

- 

1 

1 

1 
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CIbserva t i 03 
Frequency 

Days 

3 

3 

3 

3 
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laser Depth Sounding for 
Pollution - Pollution E f f e c t s  

Applications 

EFFECTS ON THE MARINE ECOSYSTEM 
6 .  Organic Deposit ion and. Shoaling 

Bot tom buildup 

1 3. Envirmmen t a1 Alteration 
k p t h  alterations due to sedimentatj-on, erosion, 
wa? te 

3GJr 
Spocing 
Feet 

1000 

1000 

Applies to 
Fig. 7 - 

Ground 
Resolution 

Feet 

200 

200 

4ccuracy 
Feet 

Observution 
Frequency 

Daw 

90 

90 
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Visible and Neat IR S p e c t r o r n e t r y l l m ~ g i n g  for  
Pollution - Pollution Effects 

~~ 

App I i cations 

EFFECTS ON HUMAN HEALTH AND SAFE1 
3. Reduced Protein Availability 
A Benthic die-offs  which caus 

color changes 
Surface evidence of f i sh  

Beach survey of large accun 
ulation of debris 

Evidence of bottom debric 
(bot tom color, wave re- 
f ractive patterns) 

8. Recreational Hazards 
A 

9. Toxic Swimming Waters 

19. Infectious Waters 
Spectral l ine  detection of 
individual pollutants (e .g .  
tracing of sewage dispers io  
pat terns) 

jpectrol 
tange 
P 

.4-1.2 

.4-.7 

.4-. 7 

.4-.7 

.4-.7 

jpe c tra I 
3and w i ci tl 

P 

.03 
Bd 

.01(2: 

.01 

.01 

I 

G cound 
Resolutior: 

Feet 
~ ~~ 

50 
50 

100 

100 

100 

s 

- 
F.O.V, 
Miles - 
25 
25 

25 

25 

25 

Applies to 
Fig. 8 

Sensgivity 
w/m /ST/), - 

. l -1  
1- 10 

.l-1 

. l-1 

. O l - 1  

J 
Observation 
Frequency 

Days 

7 
7 

7 

7 

7 

1-44 
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IR Radiometry/lmaging for 
Pollution - Pollution Effects 

Applications 

EFFECTS ON H U M  HEALTH AND SAFETI 
9 .  Toxic Swimning Waters 

Isothermal mapping for pollutant circulation 
patterns 

10. Infectious Waters 

hound 
:esoIution 

Feet 

300 

F.0,V. 
Miles 

~ 

25 

Applies to 
Fig. 8 

- 
4CCUroC) 
O K  - 
.1 

Observation 
Frequency 

Days 

1 
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Radar Scatterometry/Imaging fo r  

Pollution - Pollution Effects 

Aaolimtions 

EFFECTS ON HUTW HEALTH AND SAFETY 
8. Recreational Hazards 
A Surface Wave and Roughness Indications or 

Accumulations of Bot tom Debris 

;round ~ 

csol uti or 
Feet - 
100 

7 

:.o.v, 
Ai les 
I 

25 

Applies to 
Fig. 8 

I 

iccurac) 
c 

1 

Observation 
Frequency 

Days 

7 



h c t r i o n  Ranging for 

Pollution - Pollution Effects 
:3 

Applications 

EFFECTS ON HUMAN HEALTH AND SAFEYY - 
None 

I 

- 
eld of 
iew 
li les - 
- 
rmple 
mcing 
Ailes - 
- 
ameter 
:ee t - Ac curacy 

cm 

3bserva tion 
vequency 

Davs 

f 

1-4 7 



Microwave Radiometry for 
Pollution -Pollution Ef fec t s  

Applies to 
Fig. 8 

4 
Appf ications 

-~ 

E F F E C T S  ON HUMAN 
H E A L T H  AND S A F E T Y  

9 .  Toxic swiinming 

10. Infectious wa te r s  

----- _.II 

waters  

I so therm and isohaline 
mapping of pollution 
in  s e I* t i on and d i s t r i b u ti on 

I 

:ield of 
/iew 
Miles 

25  

hound 
,eso I ut ion 
Feet 

300 

I C  C U!.Q C y 
{eat Flyx 
:aI,icm /min 

- 
ccuraey 
!mp 
< - 

. 1  

rccuracy 
alinity 
o/oo 

1 

3bservation 
Frequency 

Do ys 

1 

1 -474 * 



Laser Depth Sounding for 

Pollution - Pollution Effects 

Applications 

EFFECTS ON HUMAN HEALTH AND SAFETY 
8. Recreational Hazards A Bottom Profi les  

3ample 
Spacing 
Feet 

53 

Applies to 
Fig. 8 - 

Ground 
Resolution 
Feet 

50 

.~ ~ 

recuracy 
Feet 

3 

5 5  
Frequency 

Days . 

30 or INT 

1-4 8 



Visibfa and Near IR Spec t ronictry/  Imagitig for 

Pollution - Polliltion Effects  

Applies to 
Fig. 9 

~ ~ 

Applications 

EFFECTS ON COASTAL OPERATIONS 
1. S i l t a t i o n  and Dumping 

Color indications of bottom 
changes (egg. ,  bottom con- 
tour  changes i n  shipping 
ch anne 1 s ) 

&2.  Combustible S l icks  A Surface roughness ( g l i t t e r ) ,  
s p e c t r a l  properties of 
re f lec ted  l i g h t  

A3. Floating Debris A Visible survey f o r  la rge  
accumulations of sur f  ace 
debris  

4. Gear Damage A Bottom debris  

5.  Depleted or  Inedible Stocks 

face f i s h  k i l l s  
A 

Visible indicat ions of ur- 

O i l  s l i c k s  near shore (color 
( g l i t t e r  

Red t i des  

9. Toxicants A Spectral  l i n e  of detect icn 
o of s p e c i f i c  pol lutants  
O i l  slicks (color) 

( g l i t t e r )  

10. Turbidity 
Water c l a r i t y  and color  

11. Sal in i ty  and Temperature Level 
Changes i n  d is t r ibu t ion  and 
quantity of algae,  especial1 
kelp 

12. Nutrient Avai labi l i ty  
Chlorophyll content 

14. Surface Sports 
Floating debris 
O i l  s l i c k s  (color) 

Red t i d e s  
( g l i t t e r )  

15. Spor t  Fishing 

- 
ipectml 
lange 
P - 

4-. 7 

4-. 7 

4-. 7 

4-. 7 

4-1.2 
4-1.2 
4-. 7 
6-1.2 

4-. 7 
4-1.2 
4-. 7 

4-. 7 

4-1.2 

4-1 .? 

4-1.2 
4-1.2 
4-. 7 
4-1.2 

Spectral 
kndwidth 

f t  
~~ ~ ~ 

.01(1) 

* 3  

.03 

.Ol(l) 

.03 
003 
3d . 03 

.01 

.03 
3d 

.03 

. 0 3  

. O l  

.03 
- 0 3  
Bd 
.03 

3rol;n.J 
tesolution 

Feet 

300 

300 

200 

100 

50 . 
300 
300 
1000 

. 1000 
300 
300 

1000 

50 

30C 

50 
1000 
1000 
7000 

- 
F.O.V. 
Miles - 

25 

50 

25 

25 

10 
10 
10 
285 , 

25 
10 
10 

25 

25 

25 

25 
25 
25 
25 

.l-1 

0 1-10 

.l-1 

-1-1 

1-1 
.l-1 
1-10 
1-1 

.01-. 1 

.l-1 
1-10 

.l-1 

.1-1 

.l-1 

1-1 
9 1-1 
1-10 
1-1 

Obsewa tion 
Fteq uency 

Days 

14 

7 

4 

14 

7 
7 
14 7 

30 
30 
30 

30 

30 

14 

7 
7 
14 7 

1 4 9  

-- - ---. -. 
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Visible and Near IR S ~ ~ ~ c t r ~ n ~ ~ t r y / I m a ~ i n ~  for 

Pollution - Pollution Effects (Cont'd) 

.t . 
. : 

Appl ications 

- i  . .  I .  

._ - ." 

EFFECTS ON COASTAL OPERATIONS 
16. Underwater Sports 

Surfacc evidence of f i s h  
k i l l s  

Spectral detection of pol lw 
tants 

Red t ides  
Turbidity 

- 
tange 
P 

>pecttal 

- 
.4-1.2 

.4-. 7 
,4-1.2 
,4- .7  

;pectro1 
bndw idh 

P 

-03  

001 
003 
001 

Ground 
Remi utior 

Feet 

50 

1000 
1000 
1000 

F.O.V. 
Miles 

25 

25 
25 
25 

Applies to 
Fig. 9 

. 1-1 

.l-1 

.l-1 
0 1-1 

' 1  Observation 
Frequency 

Days 

7 

30 
30 
30 

3 

1-50 



IR Radiomehy/lmging for 
Pollution - Pollution Effects 

~- ~ 

Applications 

EFFECTS ON COASTAL OPERATIONS 

A 
A3. Floating Debris 

Large accumulations of surface debris  

5 .  Depleted or Inedible Stocks A O i l  slicks near shore 
~~ - ~ ~~~ ~ ~~~ ~~ 

9. Toxicants 
Is0 thermal mapping fo r  pol lutant  c i rcu la t ion  
pat terns  .. 

11. Sa l in i ty  and Temperature Levels 
Thermal mapping 

' 12. Nutrient Availabil i ty 
Tracing of current pat terns  by thermal mapping 
to determine d i s t r ibu t ion  of sewage and r i v e r  
run-of f 

114. Surface Sports 
O i l  s l i c k s  near shore 

15. Sport Fishing 

16. Underwater Sports 
Tracing of current pat terns  by thermal mapping 
t o  determine d i s t r ibu t ion  of f i s h  and pollutant 

round 
solution 
Feet - 
500 

500 

1000 

2000 

1000 
- 

1000 

500 

b0.V. 

25 

10 

25 

25 

50 

50 

Applies to 
Fig. 9 

.1 

.I 

.2 

02 

01 

.1 

Ibservation 
requency 

Days 

7 

14 

7 
7 
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t 
.I 

Radclt Scat tero mtry/fmog ing 

Pollution - Pollution Effects 

Applications 

EFFECTS ON COASTAL OPERATIONS 
1. S i l tat ion and Dumping 

Wave refractive patterns indicative of  shoal 
water 

A 2. Combustible S l i c k s  A Surface roughness 

A 3. Floating Debris 
A Large accumulations of surface debris  

5 .  Depleted or Inedible Stocks 
4 Surface roughness modification due t o  o i l  slic 

9 .  Toxicants 
A Changes in  overall  rougfiness ( e .g . ,  o i l  slicks 

14. Surface Sports 
Surface roughness modification by o i l  s l i cks  

;round 
:eso/ utioi 

Feet 
I 

300 

300 

300 

1000 

300 

1000 

F.O.V. 
/+'tiles - 

50 

50 

50 

50 

50 

25 

Applies to 
Fig. 9 

-- 
Accumc y 

NBN (0-4) 

IBN (0-6) 

IBN (0-6: 

JBN (0-6)  

UBN (0-4) 

3bservation 
-requency - 

90 

3 

3 

7 

3 

4 
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Recision Ranging for 

P o l l u t i o n  - P o l l u t i o n  Effects  D 
Applicatians 

EFFECTS ON COASTAL OPERATIONS 
None 

I 

i 

T"a 
E 
c 
# 

L 

- 
:ield of 
l iew 
Miles - 

ample 
pacing 
Miles 

Applies to 
Fig.  9 

2otpr i n t 
iameter 
Feet 

4c c u r w y  
cm 

Observation 
Freq ucnc y 

3avs 

1-5 3 



Microwave Radiometry for 

15. Sport Fishing 
Tracing of  current 
pat terns  by thermal 
or  s a l i n i t y  mapping 
to  determine d i s t r i .  
bution of f i s h  and 
pol lutants  

Applies to 
Fig. 9 

Appf ications 

EFFECTS ON COASTAL 
0 P ERAT ION S 
1. S i l t a t i o n ,  Dumping 

Wave re f rac t ive  
patterns indicat ive 
of shoal water 

A 2. Combustible Slicks A Departures from 
normal surface 
emiss i v i  t y  

6 3 .  Depleted o r  Inedible 

Surface emissivity 
modification due to  
o i l  s l i c k s  

A Stocks 

9. Toxicants 
Isotherm and iso- 

* hal ine mapping for  
po l l u t  ant c i r  cula- 
t ion  pat terns  

11. Sa l in i ty  and Tempera- 
t u re  Levels 

Thermal and s a l i n i t  
mapping 

12. Nutrient Avai lahi l i  ty 
Tracing of current 
pat terns  by thermal 
or s a l i n i t y  mapping 
to  determine dis- 
t r ibu t ion  of sewage 
o r  r i v e r  run-of f 

14. Surface Sports 
Surface emissivity 
modification aue t o  
oil s l i c k s  

Lis€@a 
:ield of 
/iew 
Miles 

25 

50 

50 

25 

50 

50 

25 

100 

>round 
leso I u t ion 
Feet 

300 

500 

2000 

1000 

1000 

1000 

2000 

5000 

-~ 

4ccuracv 
4eat F l ~ x  
:aI/cm ,/min 

ccuracy 
:a State 

rccuracy 
emp 
I< 

- 

0.1 

0.1 

0 . i  

1.0 

0.5 

0.1 

0.5 

4c curacy 
;a I in i ty 

- 

- 

- 

0.1 

1 .o 

0 .5  

1 
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lbservatior . 
-req uency 

@ays 

30 

1 

14 

30 

30 

7 

30 

30 



Microwave Radiometry for 
Pollution - Pollution Effects (Cont'd) 

kcuracy 
lea State 

Applies to 
Fig. g 

Applications 

EFFECTS ON COASTAL 
OPE RAT1 ON S 
16. Underwater Sports 

Tracing of current 
patterns by thermal 
or s a l i n i t y  mapping 
t o  determine distri  
bution of f i sh  and 
pollutants 

t 

:ield of 
liew 
Miles 

50 

>round 
leso I u tior 

Feet 

2000 

k c  uracy 
ieat Flyx 
:aI/cm /min 

~ ~~ 

ccuracy 
smp 
K 

0.5 

4c curacy 
;a I ini t y 
o/oo 

1 

1-55 

3bserva tion 
Frequency 
Days 

30 

7 



Laser Depth Sounding for 

P o l l u t i o n  - P o l l u t i o n  E f f e c t s  

Applies to 
Fig. 9 

~~ 

A d i c a t i o n s  

EFFECTS ON COASTAL OPERATIONS 
1. S i l t a t i o n  and Dumping 

Development of shoa l  water  

4. Gear Damage 
A Bottom i r r e g u l a r i t i e s  i n d i c a t i v e  of submerged 

o b j e c t s  

Sample 
Spacing 
Feet 

300 

100 

- 
Ground 
Resolution 

Feet 

50 

25 

4ccuracy 
Feet 

Observation 2- 
Frequer,cy 

D a m  

90 

30 

1-56 



Vis:i.bIc. and r 'kor II: Spectrometry/ Imaging  for  

Pollution - Pollution Control 
Applics to 
Fig. 10 

A p p I i ca ti on s 

OPTIMAL SUhpACE CLEAN-UP TECHNIQUE: 
1. Distribution Kapping 

Spectral  mapping of pollutant 

Surface roughness ( g l i t t e r )  
extent 

2.  Chemical or Spectral  Tagging 
Spectral  l i n e  detection of 
pol lutant  types and extent  

3. Clean-up Management 
Spectral  l i n e  detection of  

Interpretat ion of  clean-up 
pol lutant  types and ex ten t  

success 

4 .  Barriers 
Spectral  analysis of  success 

5. Chemicals 
Spectral  analysis of  success 

t ?  
I- 

(:- : 

.4-. 7 

. 4 - .  7 

. 4 - .  7 

.4-. 7 

.6-1.2 

.6-1.2 

6-1.2 

. O l  
Bd 

.01 ' 

1 

.01 

.01 

-03 

.03 

100 
100 

100 

100 

100 

100 

100 

F.O.V. 
Mi les 

50 
50 

25 

25 

25 

25 

25 

.1-1 
1-10 

.l-1 

.l-1 

.01-,1 

01- . 1 

-01-.1 

1 
1 

1 

1 

1 

1 

1 

1-5 7 



q.  
i. 

I *  

> 
p IR  Radiometry/lmging for 
I -  

Pol lut ion - Pol lut ion Control x , <  

Appf ications 

OPTIMAL SURFACE CLEAN-UP TECI-INIqUES - 
1. Distribution Mapping 

fso  therm mapping 

2 .  Chemical or Spectral Tagging 
Isotherm mapping 

3. Clean-up Management 
Isotherm mapping 

4. Barriers 
A Isotherm mapping to  determine containment 

success 

5.  Chemicals 
Isotherm mapping to determine containment 
s ucces s 

A 

round 
zsol ution 
Feet 

300 

30 0 

300 

300 

300 

- 
'.O.V. 
Miles - 
50 

50 

50 

25 

25 

Applies to 
Fig. 10 

.1 

.I 

.1 

-1 

.1 

1br;erva t:on 
req uency 

Days 

1 

1 

3 



Radar S p e c t r o m e t r y /  Imag ing  l o r  

P o l l u t i o n  - P o l l u t i o n  Con t ro l  

~ 

4 ~ 2 1  lcations 

O P T I W L  SURFACE CLEAN-UP TECHNIQUES - -----c_ 

1 .  Ilis t r i b u t i o n  Piapning 
Naves and o v e r a l l  s u r f a c e  roughness ( i n d i c a t i L  
o f  s u r f a c e  s l i c k s  m d  bot tom d i s c o n t i n u i t i - e s )  

4 .  Earriers 
E f f e c t  o f  waves and s u r f a c e  rough-*.= .,LIL-.s on 
b a r r i e r  containment 

~~ 

>round 
!esol utior 

Feet 

300 

300 

F.O.V. 
Miles - 

50 

25 

4c c urac \ 

JBN (0-6) 

IBN (0-5) 

h e r v a t i o n  
req uenc y 

Days 
I 

1 

1 

1-59 



hecision Ranging For 

Pollution - Pol lut ion Control 

Applies to 
Fig. 10 

-~ 

Appi ica tions 

OPTIMAL SURFACE CLEAN-UP TECHNIQLES 
None 

, 

:ield of 
l iew 
Miles 

lampie 
pacing 
Mites 

ootpr i n t 
hmeter  
Feet 

Accuracy 
crn 

Observction 
Frequency 

Days 

1-50 



Microwave Radiometry for 

Pollution - Pollutic 

Applications 

- OPTIMAL SURFACE CLEAN-UP 
TECHNIQUES- 
1. Distribution Mapping 

Surf ace roughness 
isotherm and isoha- 
l ine mapping 

2 .  Chemical or Spectral 
Tagging 

(Sane as above) 

3. Clean-up Management 
(Same as above) 

4. Barriers 
Surf ace roughness 
sa l in i ty  and temper- 
ature mapping to 
determine con tain- 
men t success 

5 .  Chemicals 
(Same as above) 

f-? 
*2 

Control 
ield of 
iew 
Miles 

- 
8. 

50 

25 

;round 
:eso I ut ion 

Feet 

bcc uracy 
teat Flyx 
aI/crn imin  

- 
:curacy 
la State 

3N (0-6) 

BN (0-5)  

Applies to 
Fig. 10 

ccuracy 
mp 
< 

.1 

.1 

ccuracy 
oiinity 
9/00 

1 

1 

1-61 

Ibserva t ion 
-req uency 

ila ys 



Laser Depth Sounding for 

Pol lut ion -.. Pollrit i~ . in Concrol 

. 

Sample 
Spacing 
Feet 

Applies to 
Fig. 10 - 

Ground 
Resolution 

Feet 
kcuracy 
Feet 

- j  
- 

F req wen cy 
Days 

3 

1-62 



Pollution - Pollution Control 

Applies to 
Fig. 11 



i,' 

I .  

. ... 
'i.. 
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IR Radiometry/lmging for 

Follution - Pollution Control 

Applies to 
Fig. 11 

'9 

AppJications 

IMPROVED DISPERSION 
1. Diffusers 

Is0 therm mapping 

2 .  Buoyancy Control 
Isotherm mapping 

3. Increased Flow 
Is0 them mapping 

4. Channels 
Is0 therm mappiq 

5 .  Weirs, Grains, Etc. 
Isotherm mapping 

6. Circulation 
Current boundaries 

9 .  Water Density Profi le  A Indirect layer depth determination 

;round 
lesolution 

Feet 

100 

100 

100 

100 

100 

300 

- 
F.O.V. 
Miles 

25 

25 

25 

25 

25 

50 

- 
rcc uracy 
O K  

. 2  

.2 

.2 

.2 

.2 

.1 

2bserva ti on 
mreq uency 

Gays 

7 

7 

7 

7 

7 

1 14-1 4 

1-64 
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Radar Scatteromtry/ Imaging for 

Pollution - Pollution Control 

Applies to 
Fig, 11 

IMPROVED DISPERSION 
7 .  Bottom Topography 

A Overall roughness indications of bottom forma- 
tions 

_ _ ~  
;round 
tesol utior 

Feet 

500 

- 
F.O.V. - Miles 

50 

4ccumc) 
3bssrva tion 
-req uen cy 

Davs 

- 

INT 

1-65 



hecision Ranging for 

Pollution - Pollution Control 

Applies to 
Fig. 11 

Applications 

IMPROVED DISPERSION - 

- 
:ield of 
/iew 
Miles - 

;ample 
;pacing 
Miles 

ootprint 
liame ter 
Feet 

Accuracy 
cm 

~- 
ObserGtion 
Frequency 

Days 

1-66 
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Microwave Radiometry for 
Pollution - Pollution Control 

Applies to 
Fig. 11 

Applications 
3 

IMPROVED DISPERSION 
1. Diffusers 
- 

Isotherm and isoha- 
l ine  mapping 

2 .  Buoyancy Control 
Isotherm and isoha- 
l i n e  mapping 

3. Increased Flow 
Isotherm and isoha- 
l i n e  mapping 

4.  Channels 
Isotherm and isoha- 
l ine  mapping 

5 .  Weirs, Grains, E t c .  
Isotherm and isoha- 
l ine  mapping 

- 
ield of 
'iew 
Miles 

25 

25 

25 

25 

25 

~- ~~ 

hound 
teso I uti on 

Feet 

100 

100 

100 

100 

100 

icc u ra c y- 
ieat  Flyx 
:aI,/cm !min 

~~ ~ ~~ 

c curacy 
sa State 

ccuracy 
E"P 
K 

. 2  

.2  

.2 

.2 

.2 

ic curacy 
alinity 
o b  

Ibserva tion 
-requency 

Days 



Laser Depth Sounding for 

Pollutfm - Pollution Control 

Applications 

- IMPROVED DISPERSION 
6 ,  Circulation 

Bot tom con tour 

7 .  Bot tom Topography 
Bottom contour 

8. Tidal Flushing 
Bottom contour 

Sample 
Spacing 
Feet 

- 

500 

500 

500 

Applies to 
Fig. 11 - 

Ground 
Re so uti on 

Feet 

100 

100 

100 

kcuracy 
Feet 

~ _ _  

5 

5 

5 

3bservation 71 Frequency %J 

Days 

180 

180 

1 80 

1-68 



V i s i b l e  and Near I R  Spect lmetry/ Imaging f o r  
Pollution - Pollution Control 

Appl i e s  t o  
F ig .  12 

~ 

Appl i cations 

IMPROVED TREATMENT 
1. Bacterial  Processing 

Effect upon organisms 
Spectral Analysis of pollu- 
t an t  extent  

2.  Detoxification 
(Same as above) 

3. Physical StatL Change 
(Same as above) 

4. S t e r i l i z a t i o n  
(Same as above) 

5. Dilution 
(Same as above) 

6. F i l t e r ing  
(Same as above) 

0 7. Coagulation 
(Same as above) 

6. Adsorption 
(Same as above) 

OTHER CONTR9L MECHANISMS 

9. Adapt Inser t ion to Tidal and 

Map surface pat terns  
0 ther  Cycles 

10. Recycle Cri t ical  Pol lutents  
Map surface pat terns  

11. Critical Level Plant Shutdowns 
Spectral  survey of c r i t i c a l  
atmospheric and water pollu- 
t i on  levels A Smoke trails 

12. Use of Biodegradable Chemicals A and Materials 

k waters attending lntroduc tio i of biodegradable8 

Color changes i n  receiving 

i 
4 

- 
ipec t r a l  
lange - 
.4-1.2 

.4-. 7 

.4-. 7 

04- .  7 

04-. 7 

Spectra 1 
3andwidtl - 

.01 

. 01 

01 

b 01 

. O l  

;round 
lesol ut ioi  

Feet - 
100 

100 

100 

100 

100 

-- 
F.O.V. 
M! 1 es - 

25 

25 

25 

25 

25 

en3 i t i v i t y  
/m /ST/ 

~~ ~~ 

.l-1 

.01-. 1 

. 1- 

.l-1 

. 1-1 

lbservat ion 
Frequency 
Da YS 

7 

7 

11 _- 
3 

1 INT 

1-69 

I 



IR Radiometry/lmging for Applies to 
Fig. 1 2  

Pollution - Pollution Control 

~~~~ ~ 

Applications 

IMPROVED TREATMENT 
A 1. ~ a c t e r i a l  Processing 

Isothermal mapping 

&, 2. Detoxification 
Isothermal mapping 

, 1 3 .  Physical S t a t e  Change 
Is0 thermal mapping 

.A 4. S t e r i l i za t ion  
Isothermal mapping 

AS. Dilution 
Isothermal map ping 

A6. Fi l t e r ing  
Isothermal mapping 

A 7. Coagulation 
Is0 thermal mapping 

A 8. Adsorption 
Is0 thermal mapping 

OTHER CONTROL MECHANISMS 
11. Critical Level P lan t  Shutdowns 

Thermal conditions indicat ive of cr i t ical  
pollution levels a t  source or o u t f a l l  

L 

round 
!so I ut ior 
Feet - 
25 

25  

25 

25 

25 

25 

25 

25 

25 

- 
:.o.v. 
Miles - 

100 

100 

100 

100 

100 

100 

100 

100 

300 

- 
rccuracy 
O K  - 

.1 

.1 

.1 

0 1  

.1 

.I 

b 1  

0 1  

.2  

Ibserva tion 
requenc y 

Days 

14+INT 

14+INT 

l4+1NT 

14+1NT 

14+INT 

14+INT 

14+INT 

14+INT 

1 



Radar Sca tterometr y/Ima gin g f 0 r 

Pollution - Pollution Control 

Applications 
LI 

IMPROVED TREATMENT 
None 

OTHER CONTROL MECiNNISMS 
None 

- 

- 
round 
lsolutior 
Feet - 

Applies to 
fig. 12 

_ _  
3 bse tva ti on 
-requency 
- 

4 

1-71 
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Recision Ranging for 

Pollution - Poilution Control 

Applies to 
Fig. 12 

~~ 

Applications 

IMPROVED TREATMENT 
None 

OTHER CONTROJ EiECHAhJISMS 
None 

- 

- 
Field of 
diew 
Miles 

;ample 
;pacing 
Mi I es 

~~ 

'ootprint- 
?iamete: 
Feet 

Accuracy 
cm 

Observa ti 3:. 

Frequency 
Days 

~- 

1-72 



Microwave Radiometry for 
Pollution - Pollution ConLrol 

Applies to 
Fig. 12 

Applications 

IMPROVED TREATMENT 
A 1. Bacterial Processing 

Variations in  sa l -  
i n i t y  concentra- 
tions 

A 2.  Detoxification 
( S a m e  as above) 

A3. Physical State Chang 
(Same as above) 

A 4.  s t er i l i za t ion  
( S a m e  as above) 

A5. Dilution 
(Saw as above) 

A 6.  Filtering 
(Same as above) 

A 7. Coagulation 
(Same as above) 

A0. Adsorption 
(Same as above) 

OTHER CONTROL MECHANISMS 
12. Use of Biodegradable 

Chemicals and Xater- 
i a l s  

A Emissivity as an 
index of e f f ec t ive  
ness of use of b i o  
degradables 

:ield of 
Jiew 
Miles 

25 

25 

~ 

Sround 
tesolution 

Feet 

100 

100 

4cc uracy 
ieat  Flyx 
:aI/cm /min 

cc  urac y 
ea State 

Gcumcy 
emP 
K 

kcuracy 
ialinity 
O/'oo 

Ibserva tion 
.req uency 

Days 

L4 INT 

[NT 

1-73 



Loser Depth Sounding for 
Pollution - Pollution Control 

Appf i cations 

None 

OTHER CONTROL ?IECHANISMs 
None 

Sample 
Spacing 
Feet 

Applies to 
Fig. 12 - 

Ground 
Resolution 
Feet 

4cc umcy 
Feet 

Frequency 
Days 

1-74 



Visible cnd Near iR Spectroii-retryrlma~infi for 
Fisher ies  - Stock Management - Trooho Dynamic Information, Fig. 13 
and L i f e  History Information 

Applies to 

TROPHO-DYNAMIC INFORHATION 

LIFE HISTORY INFORHATION 
3 .  Schooi ing Character ist ics 

School s i z e  and shape 
Natural  s l icks  (g l i t ter  
Sea s t a t e  pattern) 
Association w i t h  v i s i b l e  

features 

5. Higratory  Behavior 
Location of near-surface 

schoo 1 s 
Water color 

- 
tange 
IpeCtriYI 

H - 

.4-.7 

.4-.7 

.4-. 7 

.4-.7 

.4-.7 

.4-1.2 

ipectrai 
iondwid th 

1 1  

.os 
Rd 
Bd 
Bd 

.os 

.OS 

Ground 
Resolution 

Feet 

10 
100 
1000 

50 

50 

1000 

F 0 .\I 
Mi Ies 

S!l 
50 
100 
50 

50 

200 

Sensifvity 
w!m /STA: 

.l-1.0 
1-10 
1-10 
.l-1 .o 

.l-1 .o 

.1.-1 .o 

-~ 

Observation 
Frequency 

Days 

Irrr 
TNT 
INT 
INT 

5 

5 

2-1 



JR Radiometry/lmaging for Applies to 

Fisheries - Stock Management - Tropho Dynamic Information, 
and L i f e  History  lnformation 

Fig. 13 

Appl i ca tions 

TROPHO-DYNAMIC INFORMATION 

LIFE HISTORY INFORMATION 
4.  Schooling Character is t ics  

A Natural s l icks  
School s ize  and shape 

Association wi th  thermal features 

5.  Higratory Behavior 
o f  -1s - 

1 Disposit ion o f  surface isotherms 

- 
round 
!solution 
Feet - 
10 
100 

50 

50 
1000 

- 
cc wmcy 
O K  

1.0 

orf 

3bserva tion 
-req uency 

Days 

I NT 
INT 
I NT 

+ 

2-2 

3 



Radar Sca tterometry/’lm a g ing for 
Fisheries - Stock Management - Tropho Dynamic Information, 
and L I f e  History  Information 8 

~ 

ADPI ications 

TROPHO- DY NAH I C I NF ORMAT I ON 

LIFE HISTORY INFORMATION 
4. Schooling Character ist ics 

A sea s ta te  
5 .  Migratory Behavior 

Surface roughness due to  breezing schools 

Surface roughness due t o  breezing schools 

;round 
tesolutior 

Feet 

50 
NA 

50 

- 
;.o.v, 
Miles - 

50 
50 

5c 

Applies to 
Fig* 13 

- 
4ccumc: - 

BN (O- I 2 

0 bse rva tion 
Frequency 

Days 

INT 
I NT 

5 

2-3 



Recision Ranging for 

Fisheries - Stock Management - Tropho Dynamic Information, 
and  L i f e  History Information 

Applies to 

3 

Applications 

TROPHO-DYNAMIC INFORMATION 

L I F E  H I S T O R Y  INFORMATION 

- 
'ield of 
Jiew 
Miles 

- 
tample 
ipacing 
Miles 

ootpr i n t 
i ame te r 
Feet 

Accuracy 
cm 

Observo tion 
Frequency 

Daw 

2-4 



aowave  Rad io me try for 
- Stock Mar 

and L i t e  History lp  

_ _  
i 

TROPHO-OYNAM I C ' &  

INFORMATION 

LIFE H I S T O R Y  INFORMATION 
b .  Schooling 

Characteristics 
Surface rouqhness 

5. Migratory Behavior 
Dispos i t ion of  

isotherms and 
i sohal i nes 

ement - Tropho Dynarnlc Information, 
miLtlon. 
ield af 
iew 
Miles 

50 

200 

hound 
esolution 
Feet 

~ 

NA 

1000 

iccuracy 
teat Flyx 
aI,/cm /min 

- 
ccuracy 
!a State - 

N (0-12 

- 

Applies to 
Fig. 13 

c c ura c y 
!mp 
< - 

0 .s 

- 
ccuracy 
alinity 
3/00 - 

0.5 

lbse rva t i on 
'requency 

Days 

I NT 

5 



r: 

i 
' i  

t 

f 

4 
1 

Laser Depth Sounding for 

and L i f e  His tory  Information 

Applies to 
Fisheries - Stock Management - Tropho Dynamic Information, Fig. 13 

Applications 

TROPHO-DYNAMIC INFORMATION 

LIFE HISTORY INFORMATION 
8 .  Schooling Character is t ics  

Depth o f  school 

5. Migratory Behavior 
Depth o f  school 

Sclmple 
Spacing 
Feet 

100 

100 

- 
Ground 
Resolution 

Feet 

20 

20 

_ _  

kcuracy 
Feet 

-3 
Frequency 

Days 

I NT 

INT 

2-6 



Visible and Near IR Spectrometry/  Imaging f o r  Applies to 
Fig. 14 

Fisher ies  - Stock Management - Year Class Spawning Success, 
Egg and Larval Survivabi l i ty ,  - 

ADPI icotior,: 

YEAR CLASS SPAWNING SUCCESS 
1. Envirotnnental Conditions i n  

Spawning Areas 
Chlorophyll 
Sea s t a t e  

A Presence of o i l  s l i c k s  
( g l i t t e r  pat  tern) 

Chemical pol lut ion (water 
color) 

Turbidity 
Water depth 

2. Availabil i ty and Condition of 
Breeding Stock 

s choo 1s 
Presence of near-surface 

EGG AND LARVAL SURVIVABILITY 
3. In tens i ty  of Predation and/ 

o r  Competition 
Abundance of surf  ace schools 
Presence of s l i c k s  due t o  

feeding 

4. Availabil i ty of Sui table  

Kelp presence . 

Pollut ion spectra  
Turbidity 
Shallow water spec t ra l  s h i f t  

Bottom Conditions 

( fo r  bottom depth and 
composition) 

5. Departure from Sui table  Water 
Mass Conditions 

Chlorophyll 
Chemical pol lut ion (water 

color) 

6. Availabil i ty of Forage 
Chlorophyll 

EFFECT OF FISHING 
7 .  Catch Fleet  Efficiency 

Monitoring of boat-days i n  
the f i sh ing  grounds 

nd Effect  of  Fishing - 
n2ctraI 
rnge 
k' - 
.4-1.2 
.4-.7 

.4-.7 

4-1.2 
*4-.7 
.4-.7 

.4-.7 

.4-.7 

.4-.7 

-6-1 2 
4-1.2 

.4-.7 

.4-.7 

-4-1 2 

-4-1.2 

4-1.2 

04-07 

pectral 
mdw idth 
t' -- 
0 05 
Bd 

Bd 

.05 

.1 
0 02 

.05 

. 05 

Bd 

.02 

.os . 05 

0 01 

. 05 

.05 

.05 

Bd 

:round 
:eso I u t  icn  

Feet - 
1000 
1000 

100 

100 
100 
100 

50 

50 

100 

50 
100 
100 

100 

1000 

100 

1000 

25 

1 

:.rJ.v* 
Miles - 
!it, 

100 

50 

so 
50 
5c 

30 

50 

50 

50 
50 
50 

50 

50 

50 

50 

100 

,1-1 .o 
1-10 

1- 10 

b 01- . 1 
1-1 .o 

* 1-1.0 

.1-1 .o 

01-1.0 

1-10 

.l-1 

.01-. 1 
0 1-1.0 

e l - 1 . 0  

.l-1 *o 

.01-. 1 

1-1 .o 

1-10 

3bsewation 
-req ue nc y 

Days 
I-- - -- - 

7 
7 

7 

7 
7 
30 

7 

7 

7 

30 
7 
3 

30 

3 

3 

3 

1 

2-7 
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IR Rodiomtry/lmging for Applies to 
Fisher les - Stock Manageient-Year Class Spawnlng Success, 
Egg and Larval S u r v i v a b i l i t y ,  and E f f e c t  of  F ish ing 

Fig. 14 

D ispos i t ion  o f  surface isotherms 

I 

1 
i 

Applico tions 

' !  

2. A v a i l a b i l i t y  and Condit ion o f  Breeding Stock 
Presence o f  surface schools 

EFFECT OF F I S H I N G  
7. Catch F lee t  E f f i c i ency  

Monitor ing o f  boat-days i n  the f i sh ing  grounds 

round 
!solution 
Feet 

1000 

50 

50 
100 

1000 

25 

- 
:.o.v. 
Miles - 

50 

50 

50 
50 

50 

100 

a u r a c y  
O K  

Observation 
Frequency 

Days 

7 

7 
7 

1 

2-8 
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Radar Scattarotnetry/Imaginfi for  Applies to 

Fisher ies - Stock Management - Year Class Spawning Success, 
Fig. 14 

Egg and Larval S u r v i v a b i l i t y ,  and E f fec t  o f ’  Fishing 8 
b.d icat ions 

YEAR CLASS SPAWN I NG SUCCESS 
1 .  Environmental Conditions in Spawning Areas 
A Presence o f  petroleum s l  icks 

Surface roughness 

EGG AND LARVAL SURV I VAB I L I TY 
3 .  

A 
In tens i ty  o f  Predation and/or Competit ion 
Abundance of surface schools (roughness) 
Presence o f  slicks due t o  feeding 

EFFECT OF FISHING 
7. Catch F leet  Ef f ic iency 

Monitor ing of  boat-days i n  the f i sh ing  grounds 

- 
round 
sol utior 

Feet - 
100 
WA 

50 
100 

25 

- 
.o.v. 
Ailes 
I 

50 
50 

50 
50 

1cIn 

- 
,ccumcy - 
N (0-12) 

3btervation 
-req uency 
I 

7 
7 

7 
7 

1 

2-9 



hcision Ranging for Applies to 

Fisheries - Stock. Management - Year Class Spawning Success, 
Egg and Larval Survivabi 1 i ty, and Ef fect  of Fishing 

Fig. 14 

A d  i ca tions 

YEAR CLASS SPAWNING SUCCESS 
1. Environmental Condltions i n  Spawning 

Areas 
Dynamic topography (current patterns) 

EGG AN3 LARVAL SURVlVABiLlTY 
5. Departure from Suitable Water Mass 

Cond i t ions 
Dynamic topography (current patterns) 

EFFECT OF FISHING 

I 

4 

- 
ield of 
I ew 
A i  les 

1. 

- 
300 

300 

- 
ample 
pacing 
A i  les - 
10 

10 

imeter 
eet - 
1~~ 

lo3 

kcuracy 
cm 

10 

10 

Observa ticn 
Frequency 

Days 

6’ 

2-10 



Spawning Success, Et 

Applies TO 

14 KadiometrY rn??isheries - Stock Management - Year Class  Fig. 
Fect of Fishing 

Applications 
. ‘1 

YEAR CLASS SPAWNING 
SUCCESS 
1 .  Environmental 

Conditions i n  
Spawn i ng Areas 

D ispos i t ion  o f  
surface isohalinc 
and isotherms 

Surface roughness 

EGG AND LARVAL 
SURV I VAB I L I TY 
5 .  Departure from Sui tal 

Water Mass Cond i t ion! 
D i  spos i t  ion of 

surface isothermi 
6 isohal ines 

EFFECT OF F I S H I N G  

and Larval Surviv 

ield of 
fiew 
Miles 

~~~ 

50 
50 

! 

50 

;round 
:ea0 1 uti o F 
Feet 

1000 
NA 

1000 

i l i t y ,  and 
kcu t  acy 
ieat Fljrx 
:at icm-,/min 

ccuracy 
!a State 

BN (0-1 

- 

ccurac y 
cmp 
Y 

0.5 

0.5 

iccuracy 
a l in i  ty 
d m  

0.5 

0.5 

2-11 

Dbserva tion 
Frequency 

Days 



Laser Depth Sounding for 

Spawning SUCCeSS, Egg and Larval Sgrvivabi 1 i t y ,  arld Effect of F i s l f h b  

Applies to 
14 Fisher ies  - Stock Management - Year Class 

~~ 

A d  ica tions 

YEAR CLASS SPAWNING SUCCESS 
1 .  Environmental Conditions i n  Spawning Areas 

Water depth 

EGG AND LARVAL SURVIVABILITY 
5. 

Bot tom topography 
Avai labi l i ty  of  Suitable Bottom Conditions 

EFFECT OF FISHING 

Spacing 
Feet 

100 

100 

- 
?esol ution 
Feet 

1 c c uro cy 
Feet 

-3 
Frequency - 

Days 

30 

30 

2-12 



Visible and Near IR Spectrometry/  Imaging f o r  

Fisher ies - Information fo r  Tac t ica l  Decisions - 
Market Information, and Envi rc 

Appl i cotimr, 

MARKET I NFORMAT I ON 
1.  Por t  Access ib i l i t y  

Ice cover 
Shallow water co lo r  s h i f t  
Wave r e f r a c t i v e  patterns 

3 .  Fishing Pressure 
Number of vessels on f i sh in !  

grounds 

5NVIRONMENTAL CONDITIONS 
L eather 
& *  

1 Atmospheric v i s i b i l i t y  
Cloud patterns and L movements 
;loto : height (ob1 ique view 

snd shadow displacement) 

6. Currents 
Current boundar i es 
Lagrangian observations of 

surface objects 

7. Sea Ice - 
Location and t ra jec to ry  of 

bergs and f loes 

8. Sea State 
Sea s ta te  (gl i ' .er  analysis1 

)en t a  1 
w c m l  
inge 
P 

7 

- 
.4-. 7 
.4-.7 
.4-.7 

.4- .7  

.2i-,7 

.4-. 7 

.6-. 7 

.6-.7 

-4-. 7 

.4-.7 

.4-. 7 

Bd 
.Ol 
Bd 

Bd 

Bd 

Bd 

Bd 

01 

Bti 

Bd 

Bd 

h u n d  
:esol ution 

'cn t 

1000 
100 

50 

25 

N.A. 

lo4 

1000 

1000 

10- 25 

25 

NA 

F.O.V. 
Miles 

50 
50 
50 

100 

50 

50 

so 

100 

100 

130 ' 

glitter 
>attern 

1-10 
.l-1.0 
1- 10 

1- 10 

.l-1 .o 

1-10 
~ ~ ~- 

1-10 

.l-1 b 0 

1-10 

1-10 

1-10 

3bservotion 
- req ue n c y 

Pays 

.) 

7 (1) 
30 
30 

7 

3 1 

7 

1 

1 

1 

2-1 3 
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r ;:* .* IR Radiometry/Imaging for 
. -  1. Fisher ies - Informat ion for Tact ica l  Decisions - 

Market Information, and Envl romenta l  Conditions * .  

I c e  cover 

Appl i co  tions 

3.  Fishing Pressure 
Number of vessels on f i sh ing  grounds 

ENVIRONMENTAL CONDITIONS 
5 .  Weather 

Sea surface temperature ( i nd i ca t i ve  of l oca l  
p rec ip i t a t i on )  

6. Currents 
Current boundaries (by sea surface temperature 
Lagrangian observations of surface objects  

7. Sea I c e  
Locat ion and t ra jec to ry  oc bergs and f loes  

- 
Qund 
sal ution 
Feet - 
1000 

25 

1000 

100 
10-25 

25 

- 
. o x  
Ai les - 
- 

50 

100 

50 - 
100 
100 

100 

0.2 

0.5 

)bservation 
req uency 

Dcys 

7 

7 
1 

1 
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Radar Scat tern me try/Ima gin g f o r 
Fisher ies -- Informat ion for Tact ica l  Decisions - Market 
Informat ion,  and Environmental Conditions b 

ADD! ica tions 

MARKET I NFOKMAT I ON 
1 .  Por t  Accessibi 1 i t y  

I ce cover 
Wave r e f r a c t  ion ( i nd i ca  t i ve of shoals) 

3 .  Fish ing Pressure 
Number o f  vessels on f i s h i n g  grounds 

ENVIRONHENTAL CONDITIONS 
5. Weather 

Cloud pat terns and movements 
P r e c i p i t a t i o n  

7. Sea Ice  
Locat ion and t r a j e c t o r y  o f  bergs and f l oes  

8. Sea State 
Sea s t a t e  

round 
!sol utior 
Feet - 
1000 
50 

25 

lo4 
1000 

25 

NA 

- 
00.v. 
\i les - 
50 
50 

100 

50 
50 

100 

50 

Applies to 
Fig. 1s 

)bservation 
:equency 

7 (1) 
30 

7 

1 
1 

1 

1 
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kcision Ranging for 
F isher ies  - Information for  Tact ica l  Decicions - Market 
Information, and Environmental Conditions 

Appl ica tions 

MARKET INFORMATION 

ENVIRONMENTAL CONDITIONS 
5. Weather 

Depress ions and elevat ions i nd i ca t  i v e  
o f  barometric high and l o w  pressure 
ce l  Is 

6. Currents 
Surface slopes associated w i t h  

geostrophic flows b 

0. Sea State  
Swell height and wavelength 

- 
'iew 
Ai  les - 

100 

300 

25 

- 
ample 
wcing 
Ailes - 

1 

10 

.002 

,otprint 
iilrneter 
Feet - 

lo3 

lo3 

5 

Applies to 
F:g. i s  

!ccuracy 
cm 

10 

10 

25 

Observation 
Frequency 
Days 

1 

1 

1 
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Microwave Radiometry for Fisher ies - Informat ion fo r  Tac t ica l  
Decisions-Market In fomat ion,  and Env i romenta l  Conditions 

;round 
teso I ut  ion 1 

Feet 

Appl ier to 
Fig. 

P 
Applications 

MARKET I NFORMAT I ON 
1. Port  Access ib i l i t y  

Ice cover 

ENVIRONMENTAL CONDITIONS 

Atmospheric thermal 
and humidity 
p ro f  i les 

P r e c i p i t a t i o n  
(surface s a l i n i t y  
and cloud 
emiss iv i ty )  

Heat f l u x  

6. Currents 
Current boundaries 

(by sea surface 
temperature) 

8. Sea State 
Sea s t a t e  

ield of 
iaw 
Miles 

~ 

50 

100 

NA 

1000 

~- 

NA 

1000 

50 

-~ 

rccuracy 
ieat Flyx 
aI/icm ,/min 

02 

ccumcy 
!a State 

3N (0-12 

-~ 

c c urac y 
tmp 
< 

ic cwa cy 
la I in i t y  
o/oo 

0.5 

0.5 

' 2-17 

3bserva tion 
Frequency 

Cays - 

~~ 

1 

1 

1 

7 
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Laser Depth Sounding for F i s her i es - I nf orma t ion for Tact i cal Applies to 
Decisions - Market Information, and Enviromenta l  Conditions Fig. IS 

MARKET I NFURMAT I ON 
1 .  Por t  Access ib i l i ty  

Water depth 

ENVIRONMENTAL CONDITIONS 

Sample 
Spacing 
Feet 

100 

3 round 
t eso I ut ion 
Feet 

rccurccy 
Feet 

3 

kreq uency 
Days 

30 
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Visible and Near IR Spect romet ry/’lmaging for 
Fisheries - Information fo r  Tact ical  Decision-Fish Location and 
Abundance, and Navigational and Catchability 

Applies to 
Fig. 16 

: v  
Appl i ca tions 

INDICATIONS OF FISH LOCATION AND 
ABUNDANCE 
1. F lee t  Act iv i t ies  

High resolut ion imagery of 
boats and wake pat terns  

2. Yresence of Cover o r  Favorable 
Water Mass o r  Boctom Conditior 

Disco l o r  ed water indica t i v e  

Turbidity 

Chlor ophy 11 

Seaweed 

of pol lut ion 

A Floating objects  

A Shallow water color s h i f t  

3. Presence of Associated 
Organisms 

Eird flocks 
Porpoises 
Forage organisms 

Bioluminescence 
Bioluminescence ( f i s h  school 

5. Oceanic Fronts 
Chlorophyll 
Water color  

A Sea s t a t e  ( g l i t t e r  analysis)  

Cloud cover 

6. Upwellings 
Chlorophyll 
Water color 
Sea s t a t e  ( g l i t t e r  analysis)  

Cloud cover 

NAVIGATION4L AND CATCHABILITY 
INFORMATION 
6.  Shoals 

Water depth 

8. Thermocline Topography 
A Sea s ta te  ( g l i t t e r  analysis 

for  surface in te rna l  waves 
6, in tens i ty  of wind mixing 

Obstaclrs t o  Fishing 
Water color (pollution) 
Oil s l i c k s  ( g l i t t e r  analjrsis 
Submerged objects  
Water depth 

ipectral 
lange 
P 

.4-. 7 

.4-1.2 

.4-.7 

.4-.7 

.4-1.2 

.4-.7 

.6-1.2 

.4-. 7 

.4-.7 

.4-.7 

.45-. 5. 

.4-1.2 

.4-. 7 

.4-.7 

.4-.7 

.4-1.2 

.4-.7 

.4-.7 

.4-.7 

.4-.7 

.4-,7 

-4-1.2 
.4-*7 
*4-*7 
.4-.7 

c- 

ipectral 
landwidth 

,Lc 

7 

Bd 

.05 . I. 
Bd 
.05 
. O l  
.02 

Bd 
05 
01 

.1 

.05 

.1 
Bd 

Bd 

05 
.1 
Bd 

Bd 

. 01 

0d 

0 05 
Sd 
e 01 
01 

:round 
lesolution 

Feet 

25 

100 
100 
25 
1000 
100 
100 

25 
25 
100 

50 

1000 
1000 
NA 

1000 

1OOG 
1000 
NA 

1000 

100 

50 

100 
100 

100 
10 . 

- 
F.O.V. 
Miles 
_II 

100 

50 
50 
50 
50 
50 
50 

50 
50 
50 

50 

50 
50 

; l i t t e r  
la t tern 

50 

50 
50 

, l i t t e r  
a t t e r n  

50 

50 

100 

50 
50 
50 
50 

1-10 

01- . 1 
1-1 .o 

1-10 
.l-1.0 
.l-1 .o 
.l-1.0 

1-10 
.l-1* 0 
. O l -  . 1 

. O l -  . 1 

0 1-1.0 
01-1.0 
1-10 

1-10 

1-1 0 
01-1.0 
1-10 

1- 10 

01-1.0 

1-10 

e 01- 1 
1-10 
1-1 .o 

e 1-1.0 

Cbservation 
Frequency 

Days 

7 

3 
1 
3 
3 
30 
30 

7 
7 
7 

7 

3 
3 
3 

3 

3 
3 
3 

3 

30 

7 

3 
1 
30 
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I R  I:odiotrlcti-y/lmaging for  

Fisher ies - Informat ion f o r  Tac t ica l  Decislon - F ish  Location 
and Abundance, and Navlgat ional  and Catchabi 1 i t y  

5. Oceanic Fronts 
Sea surface temperature 

6. Upwell i ngs 
* Sea surface temperature 

AppIIcctfions 

8, Thermocl i ne Topography 
A Sea surface temperature 

Internal waves 
9. Obstacles to  F ish ing 

O i l  s l i c k  emiss iv i ty  and temperature 

1000 

1000 
~- _ _  

100 

100@ 
300 

100 

F.0.V. 
Mi ics 

- ~~ 

50 

50 

50 

50 
so 

50 

kcuroc  y 
O K  

1.0 

1 
30 
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Radar Scat tero mtry/l m g i  ng 

and Abundance, and Navigatlonal and Catchabi 1 I ty  

Applies to 
Fisheries - lnformatlon f w  Tact ica l  Decision - F i s h  Location Fig* I6 

m 
Amlieations 

INDICATIONS OF FISH LOCATIaN AND ABUNDANCE 
-I 

NAVIGATIONAL AN3 CATCHABILITY INFORMATION 
7. Shoals 

Sea s t a t e  (wave r e f r a c t  ion pat terns)  

9. Obstacles t o  Fishing 
Sea s t a t e  ( o i l  s l i c k s )  

iround 
erolutior 

Feet - 

50 

100 

50 

50 3N (0-2 

Obsewa tion 
Frequency 

Days - 

30 

1 

.._ . . . . , 



h c i t i o n  Ranging for Applies to 
f i sher ies  - information for Tactical Decision - Fish Location 
acd Abundance, : !'dvigational and Catchabi 1 i t y  

fig* I6 

I. -- 
* .  

Applications 

. .  
INDICATIONS OF FISH LOCATION AND ABUNDANCE - 

kAVIGATIONAL AND CATCHA8111TY INFORMATION 

i e m  
I ew 
Ailes 

r. - 
- 
ample 
wcing 
diles - 

)otprint 
iameter 
Feet 

4c curacy 
cm 

-~ 

3bservation 
-requency 

Days 

- 
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Microwave Radiomeby for Fisher ies - Information for Tact ica l  
Decision-Fish Location and Abundance, and Navigational and CatchabfekkY 

Applies to 
16 - 

Applications 

INDICATIONS OF F I S H  
LOCAT I ON ANI) ABUNDANCE 
5. Oceanic Fronts 

Sea surface 
temperature 

Sea 5urface 
s a l i n i t y  

Cloud cover 

6. Upwell i ngs 
Sea surface 

tempera t u r  
Sea surface 

s a l  i n i  t y  
Cloud cover 

NAViGATlONAL AND C4TCH- 
ABILITY INFORMATtON 
7. Shoals 

Sea surface s a l i n i  
Sea surface temp- 

erature ( turbule 
i 7  l ee  of shoals 

8, Thermoc 1 i ne Topograp 

t empe r a t  ure 
Sea surface A 

9. Obstacles to  FIshing 
Sea surface 

temperature ( o i  1 
s 1 icks) 

ield of 
’iew 
Miles 

! 

50 
50 

50 

59 

50 
50 

50 

50 

50 

50 

>round 
lesolution 

Feet 

1000 
1000 

1000 

1000 

1000 
1000 

100 

100 

1000 

100 

kcuroc y 
ieat Flyx 
:aI/cm ,/;nin 

ccuracy 
?mp < 

.os 

0.5 

1.0 

0.5 

0.5 

1 .o 

2423 

)bservation 
.req uenc y 

-‘Ys 
- 

30 

30 

7 
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Laser Depth Sounding for 
Decision-Fish tocstion and Abundance, and Navigational and 
Catchability 

Fisheries - Information for Tactical Applies to 
Fig* 16 

-~ 

A d  i ca tionr 

INDICATIONS OF FISH LOCATION AND ABUNDANCE 

NAVIGATIONAL AND CATCHABILITY INFOMATION 
7. Shoals 

Water depth 

9. Obstacles to Fishing 
A Water depth 

Sample 
Spacing 
Feet 

100 

100 

- 
C- round 
Reso I u tion 

Feet 
kcuracy 
Feet 

Xserva t ion 
F r e q  uenc y 

Days 

30 

30 

3 .  



A ppl I ca ti m: 

RELATIVE EFFICIENCY ur VARIOUS 
CAPTURE HETHODS 
1 .  Gear Avoidance by Fish 

Turbid i ty 

ADVANTAGES ASSOCIATED WITH 
UNCONVENTIONAL PROCESSING 
APPROACHES 

BENEFITS OF AQUACULTURE RELATIVE 
TO TRADITIONAL FISH HARVESTING 
HEANS 

L- 

pectd 
ange 
f i  

.4-.7 

;pectml 
landwidth 

)r 

.05 

Ground 
Resolution 

Feet 

100 

F.O.V. 
Miles 

50 

Sensgiv i ty 
w/m /ST!p 

.l-1.0 

Observation 
Frequency 

Days 



IR Radiometry/lmaging for Applies to 
Fisheries - Improved Harvcsting-Efficiency of  Capture Methods, fig. 17 
Advantages of Unconventional Processing, and Benefits of Aquaculture 

ApFlications 

RELATIVE EFFICIENCY OF VARIOUS CAPTURE HETHOOS 
1.  Gear Avoidance by Fish 
A 

thenocl  ine depth) 
Sea surface temperature (as indicative of 

ADVANTAGES ASSOC I ATED W I TH UNCONVENTIONAL 
PROCESS I NG APPROACHES 

BENEFITS OF AQUACULTURE RELATIVE TO TRADtTJONAL 
F I SH HARVEST f NG M A N S  

;round 
esolutior 

Feet 

NA 

F.O.V. 
Miles 

10 

kcumc) 
OK 

0.5 

Observation 
Frequency 

Days 

14 
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Scatterom)ry/lmaging forF isheries- Improved Harvesting- Applies tc 
Fig. 17 !#iciency of Capture Methods, Advantages of Unconventional 

Processing, and Benefits of Aquaculture 

2-2 7 

I 

Applications 

RELATIVE EFFICIENCY OF VARIOUS CAPTURE METHODS 

ADVANTAGES ASSOCIATED WITH UNCONVENTIONAL 
PROCESSING APPROACHES 

BENEFITS OF AQUACULTURE RELATIVE TO TRADITIONAL 
FISH HARVESTING MEANS 

- 
bound 
solutior 
Feet - 

-- 
.o.v. 
\i les - 

~ 

3 bsewcl t ion 
rreq uency 



?cision R a v i y  for F i sher i es - Improved hatves t i ng- E f  f i c i ency 
0 Capture e t  ads, Advantages of Unconvent ions1 Processing , Fig, 17 
and Benefits of Aquaculture 

Applies to 

!.pplica tions 

RELATIVE EFFICIENCY OF VARIOUS CAPTURE 
METHODS 

ADVANTAGES ASSOCIATED WITH UNCONVENTIONAL 
?ROCESS I NG APPROACHES 

- 
ield of 
fiew 
Ailes - 
- 
ample 
xlcing 
Jliles - 

BENEFITS OF AQUACULTURE RELATIVE TO 
TRADITIONAL FISH HARVESTING MEANS 

- 
>o t pr i n t 
iameter 
Feet - 4ccura cy cm 

Observation 7 
*a- 

Frequency 
Cays 

2-28 
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ycrowave Radiometry for Fisheries-Improved Harvest ing-Eff  iciency 

Benef i ts  of  Aquacull 

Applies 
' o Capture Methods, Advantages of Unconventional Processing and Fig. 17 

Applications 

RELATIVE E F F I C I E N C Y  OF 
VARIOUS CAPTURE METHODS 
1 .  Gear Avoidance by F;c 

Sea surface 
A temperature (as 

ind ica t ive  of 
t h e m c l  inc deptt 

ADVANTAGES ASSOCIATED WI1 
UNCONVENTIONAL PROCESS- 
ING APPROACHES 

BENEFITS OF AQUACULTURE 
RELATIVE TO T R A D I T I O N A L  
F I S H  HARVESTING M A N S  

I 

- e  
:ield of 
/iew 
Miles 

- 

10 

3round 
lesolution 

Feet 

NA 

9ccurclcy 
-4eat F l ~ x  
:at/crn /min 

4c c urac y 
Sea State 

- 

0.5 

- 

4c c ura C) 

ialinity 
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3bservation 
Freq uen ;y  

Days - 
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Laser Depth Sounding for Fisheries - Improved Harvesting-EfficiencyAPPlies 
of Capture Methods Advantases o f  Unconventional Processing, Fig. 17 
and Benef I t s  of  Aquacu 1 ture 

- 

Appl icationt 

RELATIVE EFFICIENCY OF V A R I O U S  CAPTURE METHODS 

ADVANTAGES ASSOC IATED VI TH UNCONVENTI ONAL 
PROCESSING APPROACHES 

BENEFITS OF AQUACULTURE RELATIVE TO TRADITIONAL 
F I SH HARVEST I NG MEANS 

Spacing 
Feet 

- sound 
tesolution 
Feet 

icc U M C Y  

Feet 
vequency 

Days 

2-30 



ATMOSPHERIC CIRCULATION 
1 .  Surface Wind Vectors and Fetct 

Smoke . - ra i  Is 
Cloud patterns over r e l i e f  

features, cloud motion 

Sea s t a t e  ( g l i t t e r )  

2. Ve r t i ca l  Motion I Cloud mosaics 

height 

3 Wind Pro f i l es  A l o f t  
1 Cloud motion 

I 

Oblique view o f  cloud 

Visible and Near IRSpectrometry/Imaging for 
Hazards - H i s t o r i c a l  Weather informat ion - 
Atmospheric Conditions 

Applies to 
Fig. 18 

T----- - Spec tra 1 
Range =.O.V. 

Miles 

- - req uc r! cy 
Days Feet And i cations 

4- .7 - -1 
I I  

1-10 100 100 

4-.7 
4-.7 

I I  

- 
1-10 4- .7 i t t e r  

la t ' tk rn 

1. 

10' 4-.7 - - 1  J Bd 1-10 50 - 
I I  0d lor i zon 1-10 I I  

I. 
10 '  
3 00 

I I  ii 1-10 
-II I t  

3. Mate r VaDor and i c e  P ro f i l es  1 Clouds, v i s i b i l i t y  I. 

.) 5. Impur i t ies  
< 

V i s i b i l  i t y  (haze, gases, 
05 smoke) 4-1 . O  50 , 

II 

I 1 6 .  A i r  Density 
C 1 ouds 1-10 I I  Bd 50 

7. Cloud Cover, Fog, Haze, Smoke 
V i s i  b i  1 i t y  1 I I  

- 
1-10 
. ! - s i  

I Cloud mosaics 
Smoke I I  

NA 

PHY S I CAL STATE 
8 .  Inso;ation/Albedo 

Ref lected energy b . 7  Bd 5 . l - I  II 

-_ 

1-10 

10. Pressure/Density St ructure 
Cloud formation a t  overlap 1 o f  a i r  masses 4- .7 - I I  50 - 

3- 1 



IR Radiomtry/lmging for 

Hazards - H i s t o r i c a l  Weather Informat ion - 
Atmospheric Condltlons 

Applications 

ATMOSPHERIC CIRCULATION 
2. V e r t i c a l  Motion 

Cloud mosa i cs 
Ind icat ions of thermal r i s e  or p r e c i p i t a t l o n  

3 .  Wind P r o f i l e s  A 
Cloud mot ion 

ATMOSPHERIC CONTENT 
8 .  Water Vapor and 

C 1 ouds 

o f t  

I c e  Profiles 

C 1 ou d temper a t u  r e  

5. lmpuri t i e s  
03, C02 Absorption 

PHYSICAL STATE 
-/A1 bedo 

Ref 1 ec ted energy 

- 
round 
!solution 
Feet 

10; 
10 

1 o4 

10: 
10 

NA 

NA - 

- 
-0.v. 
Ini les 

NA 
NA 

NA 

NA 
1 

NA 

NA - 

ihervation 
Freqliency 

Days 

1 

1 
I I  

1 

1 

3 

I 
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t 

Radar Scatteromtry/lmag i ng for  
Hazards - H i s t o r i c a l  Weather Information - 
Atmospheric Conditions 

ATMOSPHERIC CIRCULATION 
1 .  Surface Wind Vectors and Fetch 

Surface roughness 

2 ,  V e r t i c a l  Motion 
Cloud mosaics 

3 .  Wind P r o f i l e s  A l o f t  
Cloud motion 

ATllOSPHERIC CONTENT 
4. 

c louds 
Water Vapor and ice  P r o f i l e s  

6. Air Density 
Cloud dens i t y  

7. Cloud Cover, Fog, Haze, Smoke 
Cloud mosaics 

PHYSICAL STATE 

>round 
lesolutior 

Feet - 
1 o4 

I o4 

II 

II 

I I  

II 

- 
F.O.V, 
Mi let 
I 

50 

50 

I I  

I I  

I I  

I I  

Applies to 
Fige 18 

"'Sserva tion 
4ccurac: 

BN( 0-1 2 

NA 

1 1  

I I  

I I  

II 

-requency 

1 

I I  

1 1  

I I  

I I  

II 



Recision Runging for 
Hazards - Histor ical  Weather Information - 
Atmospheric Conditions 

ATHOSPHERIC CONTENT 
4. Water Vapor and 

C loud he i g h t  

ATMOSPHERIC CIRCULATION 
2. Vert ical  Motion 

Cloud h e i g h t  
Sea level variations due to surface 

pressure change 

ce Prof i les 

PHYS I CAL SI. .TE 
10. Pressure D e n s i t y  Structure 

Sea level  for surface pressure 

- 
'iew 
Ai les - 
50 

100 

50 

100 

rmple 
xrcing 
Ailes 

,otpint 
iameter 
Feet - 

103 

1 o3 

1 03 

1 o3 

4 
kcumcy 

cm 

4 10 

10 

4 
10 

10 

~ 

Observation 
Frequency 

Days 

1 

II 

II 

II 
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Microwave Radiometry for Applies to 
Hazards - H i s t o r i c a l  Weather Informat ion - Atmos,l:eri- Conditions Fig- 18 

ie ld  of 
'iew 
Mi I es 

hound 
teso I u tion 

Feet 

icc urac y 
feat Flqx 
a I/c m'.'mi n 

c c urac y 
?a State 

ccuracy 
?mp 
K 

lbservation - -requcncy 

Days - 
4ccurac y 
Sa I ini ty 

Appl icotions 

ATMOSPHERIC CIRCULATION 
1. Surface Wind Vector 

and Fetch 
Sea s t a t e  
Foam, wh i te  caps 

10; 
10 

100 
100 

3N( 0-1 2: 

2. e r t i c a l  Motion ~ 

Therm 1 orof i les  NA 1 0% 

3 .  Wind P r o f i l e s  A l o f t  
Cloud motion 

4 10 50 1 

ATHCSPHERIC CONTENT 
&. Water Vapor and Ice  

Prof i l es  
Clouds 
Moisture p r o f i l e  

1 o4 
NA 

50 
5 

6. A i r  Density 
1 o4 
NA 

1 50 
C 

Clwds  densi tv  1 % i s t u r e  p r o f i l e s  
-5 . 

' 
n 

rl 
7. Cloud Cover, Fog, 

Haze, Smoke 
Cloud mosaics 1 o4 50 1 1 

PHYSICAL STATE 
8. I nsol a t i on/Al bedo 1 Reflected enerqy I 5 NA 

9. Temperature Prof i le: - 
1 0% C NA 

L 



Loser Depth Sounding for 
Hazards - H i s t o r i c a l  Weather Information - 
Atmospheric Conditioqs 

Appl icotions 

ATHOSPHERIC CIRCULATION 

None 

ATHOSPHERI C CONTENT 

None 

PHYS I CAL STATE 

Scrmple 
Spacing 
Feet 

Applies to 
Fig. 18 

7 
Ground 
Resolution 

Feet 
4ccumcy 

Feet 

3bservation 3 
Frequency 

Days 
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V i s i l  I ! a c!t 1:: I+ar I [: Spec t rme t ry/l rncrcjilrg fo: 
Hazards-Improved Weather Forecasting*-.41r/Sea/Land Interaction 
and Historical Weather Informtim B 

Applics io 
Fig. 19 

FORCING FUNCTIONS 
1 . insolation 

Visible albedo 

COUPLING MECHANISMS 
4. windstr ess 

- 
Sea state and wind fetch 

(glitter ana lysis) 

5. Evapomtion/Recipitotion 
Cloud mosaics 
Cloud height (oblique view) 

~ 

6. Freezing/klting 
Rock ice boundaries 

,4-.7 

049.7 

06.7 
.4-.7 

06.7 

roadband 

I* 

NA 

NA 

lo3 

50 

>litter 
httem 

50 

rorizon 
0 

100 

Sensitivity 
W/liILiST,h 

. 14.0 

1-10 

1-10 
1-10 

1-10 

1 

1 

1 
1 

1 
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I R  Gatiiomc.!I.>,/Imc,~ iiig for 
Hazards-Improved heather Forecast ngAir/Sea/Land Interaction 
and Historical Weather Information 

6. Freezing/hhftiw 
Surface temperature 

Applics to 
Fig. 19 

Applications 

FORCING FUNCTIONS 
'1. insolation 

IR albedo 

COUPLING MECHANISMS . tvaporation/Recipitztion 
Sbrface temperature 
Cloud mosaics 

NA 

10; 
10 

* 5  
10 1°3 

F.O.V. 
Mi Ics 

50 

300 
50 

100 
100 

~- 

1 OYO 

~~ 

.5 
NA 

.5 
1 .o 

1 

3-8 
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Rudar Scattcromc!ry/Imag i ng for 
Hazards-Improved Weather Forecasting-Air/Sea/Land Interaction 
and Historical Weather Infwmation 

FORCING FUNCTIONS 

COUPLING MECHANISMS 
4. wind str ess 

Sea state and wind fetch 

5. Eva porn ti on/ Re c i pi ta tion 
Cloud mosaics 

6. Freezing/& I ting 
Pack ice boundaries 

5 round 
esolutior 

Feet - 

1 o4 

1 o4 

1 o3 

- 
~.O.V. 
Mi ICs - 

100 

50 

100 

Applies to 
Fig. 19 

- 
9c CUI'OC - 

BN(0-12 

cloud 
detectio 

ice 
detectio 

- 

3bserva tion 
-requency 

Days 

1 

1 

30 

3-9 



i F 

+ 

Precision Rni:gitrg for i 

, Hazards- Improved Weather Forecasti m-Air/Sea/Land In temc tion - 
and Historical Weather Information 

! 
! 

Appl icafions 

FORCING FUNCTIONS 

COUPLJNG MECHANISMS 
4. wind 3tr est 

Wave profiles for sea state 

5. Evapomtion/Precipitction 

6. Freezing/Melting 

Cloud height 

Pack ice thickness 

5 

100 

50 

I 

1 

30 

3-1 0 



Microwcivc Rcidirjtiwtry for 
Hazards- I mproved Weather Fo r eca s t i ng. Ai r/Sea/Land Interact ion 

-- 

FORCl NG FUNCTIONS 
1. insolation 

Microwave a I bedo 

COUPLING MECHANISMS 
4. Wind Str e ss 

Sea state and wind 
fetch 

5. f'"mra t;n/Recc:iio 
and umidi ofile! 

Atmos eric 

Surface temperature 

6. FreezidMeIt ing 
1 Surface temperature 

and salinity I Atmospheric thermal I pdiies 
hck ice thickness anc 
boundaries 

i-icld OF 
View 

Mi Ics 

50 

100 

60-1 20 
100 

100 

10 

100 

N A  

1 o4 

NA 
1w)o 

lo5 

N A  

lo3 

1 o?! 

0.2 

IN(0-12 

Applies to 
Fig. 19 

10% 
7).5 

- 
a . 5  

10% 

0.5 

- 

C C tJ1.U C y 
:I I i ni f y 
1/00 - 

)Lmi.va tion 
I'C! y u I? II cy 
L>ay: 

1 

. .  
. .  . 

i 

3-1 1 



Laser Depth Sounding for 
Hazards-l mproved Weather Farecasti ng -Ai r/Sea/Land Interaction 
and Historical Weather Informtion 

- ~~ ~ 

Aoplicaiions 

FORCING FUNCTIONS 

None 

COU PLI NG MECHANISMS 

None 

Applies to 
Fig. 19 - 

Ground 
Reso i uti nn 

Feet 
kcuracy 
Feet 

3-1 2 



Vi:ii.tIc cii7d I\J;mr Ii: Spect r o m e t r @ r l ~ a ~ l i ~ ~ ~ ~  i'or Applic!s to 
Hazards = Improved Weather Forecasting- Fig. 20 
Air/Sea/Land Interaction and Historical Weather Information 

RES PO NSE PATTERNS 
7. tstucrrine Lirculafion 

Turbidity patterns 

2. Ekman Transport 
Trajectories of floating obiects 
Sea state, wind fetch, (gl i tter 
analysis) 

(wave pattern) 
A Wave directional spectrum 

4. Atmospheric Motion 
Sea state and wind fetch (glittei 

A Wave directional spectrum (wav 

5. Geostrophic Flow 

7 Stratification 

Floating obiec t trajectories 

Surface -break i ng in  tema 1 waves 
(roughness) 

8. Barometric Loading 
Cloud mosaics indicative of 

high and low pressure cel Is 
C l o d  height (oblique view) 

9. Surface and Internal Wave Generc 
Surface-breaking internal wave 

direction and wavelength 
Sea state, wind fetch, glitter 

Surface wave directional 
sPectrum 1 Cloud patterns indicative of 

10. Diurnal Tides 
Width of intertidal zone 
Tuibidi ty patterns 

4- .7 

II 

II 

II 

II 

II 

II 

II 

II 

*4-.7 

4- .7 
II 

m 

.4,-,7 
a 6 . 7  

.4-.7 

e 6 . 7  

- 
- 

II 

II 

~~ 

.I 

Bd. 

II 

I 1  

II 

II 

I 1  

II 

II 

0.1 

Bd. 
II 

0.1 
Bd. 

II 

II 

II 

05 

- .  - 

1 o3 

10 

NA 

200 

NA 

+ +- 
lo 

300 

10; 
10 

300 
NA 

200 

lo4 

%3 

I .o.v 
Mi l c s  - 
25 

10 

litter 
Ic;itte:i> 

100 

l itter 
sttern 

100 
-50 
or I zon -. 

100 

100 

100 
iorizon 

1 00 
#litter 
mttern 

100 

50 
- 
20 
25 

So n s i f i v  i ty 
w/m'./S Th, 

.l-1 

.1-1 

?-lo 

1-10 

1-10 

1-10 

.1-1 

.l-1 

1-10 
1-10 

.l-1 
1-10 

1-10 
_ _  

1-10 

10 
.l-1 

Int. 

1 

1 

1 

1 

t7 
1 

5 

1 
1 

5 
1 

1 

4 
7 
1 

3-1 3 
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L trtuie m d  Near Id Spect romet rv/lmuging for 

Hazards - Improved Weather Forecasting - 
Air/Saa/Land Interaction and Historical Weather Information 

Applies to 
Fig. 29 

- ~~ 

Applications 

RESPONSE PATTERNS (CONT’D) 
1T. Upwellings, tonvergences, 

Divergences 
Surface color contrasts, 

ENERGY Dl SS I PATIQN 
12. 3urt 

Surf zone width 
Bottom topgmphy 
Swe I I wave length 
Spacing of wave groups 

13. Curren; and Wind Frictional Dras 
Sea state and WW fetch (glitte 

- 
Spectra I 
?ange 

P - 
.4-.7 

II 

11 
- 

49.7 
06.7 
. 6 .7  
06.7 

.4-. 

Spectra I 
Band w id tl 

P 

. 03 
2 

Bd - 
Bd . . 01 
Bd. 
II 

I 1  

Ground 
Resolutior 

Feet 
F.0.V 
Miles 
I 

100 

-3”s - 
25 
100 
20 
50 

I I i tter 
mttern 

Sensgivi ty 
w/m /ST/ II 

.01-0.1 

++-I 

1-10 
1-1 

1-10 

1-10 

i - io  

Observation 
Frequency 

Days 

14 

7 
33 
7 
7 

I 

3-14 



I I) Rodio me tvy/l nwgit 19 for 
Hazards - Improved Weather Forecast i r?g Air/Sea/Land 
Interaction and Historical Weather Informotion 

Surface temperatwe 
_L Cloudpatterns 

RESPONSE PATTERNS 
-E- 

2. Deep Water Circulation 

water mosses 
Surface temperature in vicinity of submerging 

3. EkmunTmnsport 
Trajectories of floating objects 

4. 

50 G~stronh ic Flow 
Current thermal bo wrdaries 
Ffooting object trajectories 

7. Strcltification 

0 8 . y c I -  

Surface-breaking internal waves 

Cloud mosaics 

9. Surface a d  Internal Wave Generation 
S w f a c e - W i n g  internal wpve direction and 

wavrzlenaih 
I Stormclouds 

i 

-~ 
; r 0 1JI Kl 

csol u tioi t 
Fcc t 

A 

10- 

lo3 

10 

1(1' 

300 

10' 

ra-- 4 I 

:.0.v. 
Mi!cs 

2s - 
50 

20 

so 
7 

150 

15 
50 

Applies to 
Fig. 20 

1 

NA 

1 

JA - 

4A 

3 

1 

7 

3-1 5 



G 

f \:cicjot. Scaticiomctry/Imag i ng for  
Hazards - Improved Weather Forecasting - Air/Sea/Land 
Interaction and Historical Weather Information 

.- 

a>. I 

Appl i cci tioris 

RESPONSE PATTERNS 

2 tkWave direcGnal spectrum 
man iranrpo 

4. Atmospheric Motion 
Cloud tmjectories and mosaics 

5. Geostrophic Flow 
Floating obiec t trajectories 

7. Stratification 
Surface-breaking internal waves (roughness) 

8. Botometric Loading 
Cloud mosaics 

9. Sutface and Internal Wave Generation 
Sea state, wind fetch 
Wave directional spectrum 
Storm clouds 
Surfacebreaking internal wave direction and 

wavelength 

1 1 , Upwel I ings; Convergences, Divergences 
Windrows of debris and foam 
Cloud patterns 

ENERGY DISSIPATION 
72. surt 

Swell wavelength, spacing of wave groups 

13, Current ond Wind Frictional Dmg 
Sea state and wind fetch 

3-roui.td 
!cso I ut ioi, 

Feet 

NA 

1 o4 

10 

300 

lo4 

lo4 
N% 10 

300 

$ 

100 

lo4 

- 
F.O.V. 
Mi IC. 

100 

50 

20 

1 00 

50 

100 
1 00 
50 

100 

100 
50 

25 

100 

Applics io 
Fig. 20 

kcuracy 

10% 

II  

bbject 
e tection 

IBN (0-2 I 

NA 

IBN ( 3-1 2 
10% 
NA 

IBN(0-2) 

NA 
NA 

NA 

ISN(0-12 

- 3brc rva i i o R -3 
-I-cyvcllcy 

nclvs 

1 

1 

1 

3 

1 

1 
1 
1 

1 

5 
1 

3 

3 

3-1 6 
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Pi-eci:ion Ranging for 
Hazards - Improved Weather Forecasting - Air/Seo/Land 
interaction and Historical Weather Information 

Applications 

RESPONSE PATTERNS 
4. Atnu - - eric Mot ion 

C E  height 

5. Geostrophic Flow 
Surface S l b p e  

8. Barometric Loading 
Surface slo 
Cloud heig t r 

9. Surface and Internal Wave Generation 
Wave profiles for sea state 

10. Diurnal Tides 
Tidol amplitude 

ENERGY 31SS I PATION I z . z  
Swell Qmplitude, wavelength, spacing of 

wave groups 

- 
View 
Mi Ics 

NA 

300 

100 
50 

25 

100 

25 

- 
>cl I t  't' I L' 
5pac i ng 
Mi ICs 

N A  

10 

1 
2 

.002 

5 

.002 

ooi pr i 11 t 
1 ia nie tc I' 
Fact 

lo3 

lo3 

$ 
5 

lo3 

5 

Accuracy 
cm 

lo4 

10 

'O4 10 

25 

5 

25 

L 

OLservu tion 
Vrequency 

Days 

1 

3-77 

. -  



Microwave Radionil-try fw Applies to 
Fig. 20 5 t i ng Air/Sea/Land 

,cc uruc y 
crnp 
K Appl ica tioiis 

RESPONSE PATTERNS 
I , tstwrine Lirculation 

Surface therm1 and 
salinity patterns 25 1 

.5 

NA 

05 

3 

2. 

A 

4. 

5. 

6, 

8, 

9. 

11. 

k p  Water (Thermoclin 
Circulation 

Surface tempatwe 
and salinity in 
vicinity of submergir 
water m u c s  100 

50 

300 

.5 

NA 

05 

14 

1 

7 

Atmospheric Motion 
Cloud tmjectories 
a d  mosaics 

Geostro#Gc Flow 
Cwrent therm01 and 

salinity bourrdaries 

Water Column 3 7 ,f N A  1096 

T1 10 
50 

300 r 

10% - 
Sufcrce ond Internal 
Wuve Gemration 

Upnellings, Convergent 

Di:xrLperatuN? 
and salinity 

cloud p o w  

,BN(O-l2 

I 

50 
50 

1 1 7 
1 

ENERGY DISSIPATION 
75. Lurrentond Wnd I 

fetch 

Frictional D q  
Sea state and wind 

100 

50-1 00 

1819 ( 0-1 : Nh 

N A  
14. Hetot Radiation 

Heat flux 9 0.2 10 

'3-1 8 
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laser Dcpth Sotinding for 
Hazards - Improved Weather Forecasting AirlSea/Lond 
Interaction and Historical Weather Inforktion 

Appfics tc. 
Fig. 20 

w 
Appl i co tioris 

RESPONSE PATTERNS 

ENERGY DlSSl PATlON 

- 
Sa m; I c 
Spac iiig 
Fcc t 

- 
Ground 
Rcsolulion 
Feet 

4ccuracy 
Feet 

Observation 
Frequency 

Days 

3-1 9 



Visible and Near IRSpect rometr.JImaging for 
Hazards - Location and Character o f  

Applies to 
Fig. 21 

Navigational Hazards 

Applications 

NATURAL 
1. High Winds 

Sea s ta te  
(91 i tter analysis) 

1 

I Claud d r i f t  

2. 

f 

A 4. 
A 

? 

I 5 .  

? t 6 .  

.f 
f 

P 

i 
' 
3 

1 
I 

High Seas 
Sea s ta te  
(gl i tter analysis) 

Kelp and Sargassum 
Surface vegetation 
Var iat ions i n  shallow water 

color 

Fog 
Atmospheric v i s i b i l i t y  

Shoals 
Color ind icat ions o f  bottom 

Sea s ta te  (wave refractive 
patterns 1 

d i  scont i nui t.ies 

' ?  7. Sea Ice  

1 of  i c e  f i e l d s  
.- t 
-3 ARTIFICIAL 

1 9. Marine Engineering Structures 

Mapping of  s ize  and extent 

t 
? 
$ 

Color ind icat ions o f  
bottom d i scon t inu i t i es  

6 10. Offshore Dumping 
Color ind icat ions of bottom 

d i scon t inu i t i es  
A 

AI 1. Shipwrecks 
A Color ind icat ions of bottom 

d i scon t inu i t i es  

hl3. Other Ships 
A V i s l b i e  s igh t ing  

- 
pectml 

).1 
ange - 

I 1  

1 1  

I I  

4-1.2 

4- .7 

4-.7 

,4-.6 
?) 

4-.7 

4- .6  

40.6 

.4-.6 

.4- .7  

landwid th 
P 

II 

I I  

I I  

05 

.01 

. I  

0.01 
Bd 

Bd 

03 

03 

03 

Bd 

:round 
!esol ution 

Feet 

NA 

T+- 

NA 

50 

300 

I o4 

100 
200 

1 03 

3 00 

3 00 

3 00 

25 

F .o.v. 
Miles - 
g: i t t e r  
la t tern 

50 

g l i t t e r  
a t t e r n  

25 

25 

100 

25 
100 

50 

25 

25 

25 

5 

Sensijiv i ty 
N/m / S T 4  

1-10 

II 

I 1  

. I -  1 

. l - 1  

1- 10 

. l - 1  
1-1 0 

1-10 

.l-1 

. I - 1  

. l - 1  

1-10 

Observation 
Frequency 

Days 

1 

30 

30 

1 

30 
I I  

7 

30 

30 

30 

3 05 

3-20 



I R  Rdiomehy/lmging for 

Hazards - Location and Character of Navigational Hazards 
, 

Applies to 
Fig. 2 1  

Appt i ca tions 

NATURAL 
1. High Winds 

Cloud dr i f t  

5.  Fog 
Temperature profi le  

7 .  Sea Ice 
Pack i c e  boundaries 
Bergs and f loes  

8. Icing Conditions 
Temperature profile 

ARTIFICIAL ~ - 
&0. Off Shore Dumping 
A Emissivity changes due to s l i cks  

AL3. Other Ships 
Temperature discontinuities 

iround 
esol ution 
Feet 

l o 4  

l o 4  

1000 
25 

100 

100 

- 
F.O.V. 
Miles - 4cc uraq 

OK 

NA 

2 

- 

1 

.1 

.1 

Observation 
Frequency 

Days 

1 

1 

7 (1) 
1 

1 

2 

.05 

3-2 I 



Radar Scatterometry/lmag i ng for 

Hazards - Location and Character of 
Navigational Hazards 

NATURAL 

1. High Winds 
Di rect ional  spectrum of sea and swell 

Overal l  surface roughness 
Radar-cloud d r i f t  and clear a i r  turbulence 

waves 

2. High Seas 
Overall surface roughness 

3. Long Period Swells 
Swell wave1 ength 

A4. Kelp and Sargassum A Overal l  surface roughness (inraging) 

6. Shoals 
Gveral l  surface roughness (imaging) 

7. Sea Ice 
Pack ice boundaries 
Bergs and floes 

Overal l  surface roughness (scatterometry) 
8. Ic ing  Conditions 

ART1 F1 C I AL 

Marine Strtictures 
Roughness Indicat ions of submerged structures 

Roughness indicat ions of submerged structures 

Roughness ind icat  Ions of submerged structures 

Ship Tracking 

Offshore Oumping 

Shipwrecks 

Other Shlps 

- 
iround 
mol utior 

Feet - 
NA 

NA 

1 o4 

105 

103 

100 

200 

1 03 

105 

25 

100 

1 00 

100 

25 

7 

F.O.V. 
Miles - 
50 

10 

50 

100 

50 

20 

50 

50 
50 

100 

10 

10 

10 

50 

Accumq 

1 oo 
IBN( 0-1 2 

NA 

IBN( 3-12; 

NA . 

JBN( 3-1 2 

YBN ( 3-1 2 

NBN( 3-1 2 

NBN(3-12 

NBN (3-1 2 

ship 
ctect  lon 

Obrervatlon* 
Frequency 

Days 

1 

I 1  

II 

II 

II 

30 

30 

7 ( 1 )  
1 

1 

30 

30 

30 

05 
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Racision Ranging for 
Hazards - Location and Character of Navlgatlonal Hazards 

Applies to 
Fig. 21 

Appl ica tions 
-- 

NATURAL 

3. Long Period Swells 
Wave prof i 1 i ng 

ARTIFICIAL 

- 
veld of 
/iew 
Miles 

5 

bmpfe- 
ipacing 
Miles 

.004 

ootprint 
hmeter 
Feet 

10 

Accuracy 
cm 

25 

Observation 
Frequency 

Days 

1' 

3-23 
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Microwave Radiometry for 
Hazards - Location and Char-cter of Naviga 

Humidity p ro f i l e  
Temperature 

Applications 

NATURAL 
1. High Winds 

Surface roughness 

2. High Seas 
Surface roughness 

A4. Kelp 6 Sargassun; 
Surface roughness 

Humidity p ro f i l e  

6. Shoals 
Surf ace roughness 

i .  Sea Ice 
Pack ice ioundaries 
Ice thickness 

ART I F I C I AL 
9. Marine Eng. Structure 
A Surface roughness 

IAIO. Offshore Dumping 
A Sal in i ty  changes 

- 
:ield of 
/iew 
Miles 

50 

50 

50 

50 

25 

50 
50 

300 
300 
300 

20 

15 

round 
!solution 
Feet 

l o 4  

l o 4  

25 

lo* 

100 

1000 
ioeo 

105 

lo; 10 

200 

100 

ional  Hazards 

Accuracy 
-teat Flyx 
:aI/cm /Din 

,cc uracy 
ea State 

RN ( 3- 12  

BN(3-12 

IN (0-2) 

IN (3-12 

p ( 3-Lz 

IN (0-12 

Applies to 
Fig. 2 1  

,ccuracy 
emP 
K 

2 

- 
.5 

- 
e c cira cy 
ilinity 
),A30 
I 

1 

q u e n c y  
Days 

J. 

30 

30 

2 
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Laser Depth Sounding for 

Hazards - Location and Character o f  Navigational Hazards # 
~~ 

Applications 

NkS URAL 

6. Shoals 
Bottom topography 

ARTIFICIAL 
~ ~~ 

9. Marine Structures 
Bottom topography 

A Bottom topography 

A Bottom topography 

4 1 0 .  Offshore Dumping 

( h l l .  Shipwrecks 

Jample 
Spacing 
Feet 

Applies to 
Fig. 21 - 

Ground 
Resolution 

Feet 
4ccurac.; 
Feet 

-1- 

3 

5 

5 

5 

0 bserva t io rr 
Frequency 

Days 

30 

30 

30 

30 
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Vlrible and Near IR Spect romet ry’lmaging for 
Hazards - Advanced Warning of Hazards 

Applications 

2. Hurricanes 
Sea state discontinuities 

3. Storm Surges 
Sea state 
GI i tter ana l y s i s  

4. High Seas 
Sea state 
Glitter molysir 

A Foam 

5. Bioi ical Infestations 
c3or variations i n  estwries a d  
coastal waters (sea urchins 
destroying kelp, etc ) 

6.  Toxic S p i l l s  

(color) Surface s l i c k s  

Turbidity 

(g l i t t er )  7 .  O i l  S p i l l s  
Surf ace s l i cks  (color) 

A Turbidity 

80 Ice Fields 
Reflectivity of visible errsay 

9. Ice Bergs 
Reflectivity of visible eramy 

A Visible large surface deposih 
A~o. Debtis 

- 
ipectml 
lange 
P 

.4-. 7 

- 

.4-.7 

.4-J 

.4-.7 

.6-1 .O 

0 4 - 0  7 
a 3-0 8 
04-.? 

04-07 
.3-.8 
04-. 7 

04-07 

.b.l 

04-1 .( 

xoadband 

II 

madband 

. 05 

. 02 

0d 
0.05 
0.03 

Bd 
0.05 
0.03 

roadband 

I1 

0.05 

Sround 
iesol ution 

Feet 

NA 

NA 

N A  
II 

50 

300 
300 
500 

300 
300 
500 

lo3 

25 

100 

1 
Applies to 
Fig. 22 - 

F.0.V. 
Mi l a  - 
31 1 tter 
pattern 

llitter 
a thrn 

11 i tter 
ua ttern 

5 

50 

i l i t t e r  
ia56ern 

SO 

llit ter 
ba$&ern 

50 

50 

20 

50 

Sensfivity 
w/m /ST,# 

1-10 

1-10 

1-10 

. 1-1 

. 1-1 
1-10 
.05-1 
.01-.1 

1-10 
-05-1 
.01-. 1 

1-10 

1-5 

. 1-1 

-0P 
Frequency 

Days 

I 

k 

i 

1 

1 

14 

Inc. 

Inc. 

Inc . 
Inc. 

Iac . 
7 

1 

7 

3 
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L 

Hazards - Advanced Woming of Hozards 

Applications 

6. Toxic Spills 
Isoherml mopping of spill 

7. Oil spills 
Isolhcnal mopping of spill 

8 

8. 
tue discontinuities 

9. Ire Bergs 
Tenpamhm discontinuities 

;rOund 
esolution 

Feet 

25 

F.O.V. 
Miles - 
20 

20 

50 

50 

Applies to 
Fig. 22 

3bserva tion 
~ccwacy 
OK 

0.1 

0.1 

1.0 

1 .o 

Inc . 
Inc. 

7 
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Radar Scotterometry/imaging for 
Hazards = advanced Wamina of Hazards 

Applies to 
Fig. 22 

Applications 

1. Tsunamis 

2. Hurricanes 
Surface roughness 
Cloud cover 

4. High Seas 
Overall surface rotghness 

5. Biological Infestations 
Roughness indications 

6. Toxic Spills 
Roughness indications 

7. Oil Spi l ls  
bughness indications of swface presence 

80 Ice Fields 
Ch-s in  surfoce roughness 

9. Ice Bergs 
Changes in surface roughness 

*AIo. o t b r i s  
A Changes in surface roughness 

;round 
esol ution 

Feet - 
$ 
lo5 

lo3 

lo3 

IO3 

25 

25 

iccumcy 

3N( 3-1 2) 
JA 

BN(3-12’ 

BN(0-2) 

BN (0-2) 

BN(0-2) 

lbject 
letection 
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Precision Ranging for 

Hazards - Advanced Warning of Hazards 

’. 

8 

Applications 

1. Tsunamis 

2. Hurricanes 
Geostrophic variations 

3. StormSurges 
A Barometric pressure in the vicinity of 

Wave profiling 
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Microwave Kadiometr fot 
Hazards - Advanced & arning of Hazards 

Applications 

2. Hurricanes 
Surface roughness 

3. StormSwges 
A Surface roughness 

4. High Seas 
Sudace roqhness 

6. Toxic S i l l s  
I s o d n e  and iso- 
thermal mp9ing to 
deter mi ne 
disposition of spi I I 

7. Oil Spills 
Isohdine and iso- 
ihermal mapping to 
determine 
disposition of spill 

8. Ice Fields 
Decreose i n  salinity 
due to sca ice 
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Hazards - Advanced avfor arning of Hazards 
Laser Depth Soundin Applies to 

Fig. 22 

-w-- ~~ 

APPI ications 
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Visible and Neat IR  Spect romet rdlmaging for 
Cartography, Etc. - Area Exp lo i ta t i on  

N 
,. 

L 

Applications 

ACCURATE AND CURRENT MAPS AND 
CHARTS 
1 .  d I w r t r l  C r # h  

r e ]  ine' a I  terat ions 
Mamade st ructures 
S h i pp i ng 

2. Marine Construction & Dredgir 
Turbid1 t y  
New s t ructures 
Shallow water co lo r  s h i f t  

! 3 .  Agr icu l tu re  A c t i v i t i e s  
Crop iden t i t y ,  qua l i t y ,  

quant i  t y  
S o i l  q u a l i t y  

COASTAL SPACE QUALITY 
4. Sedimentation Rate 

Turb i d i t y  ( 1 i t tors 1 d r  i f t , 
Shallow water co lor  s h i f t  

I '. r i p  currents) 

5. Estuarine & Nearshore 
>. Q 
g- 

7 C i  r c u t a t i o n  Patterns 
d Turb id i t y  

B 6. Beach Character 

5 Offshore sand deposits s 
t; Shallow water color s h i f t  
? 

:.r 7. Natural Hazards 

Dye patterns T. 

d 
i 

Beach w id th  

I n t e r t i d a l  zone width 

E. 
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Y. 

?: 

.*' 

F *  

D i scolored water (due t o  
red t ides,  natura l  o i l  
seeps) 

Tu rb id i t y  (as ind icator  of 
strong currents) 

8. Wa t e r  Qua 1 i t y  
Turbid i t y  
Wa t a r  d i sco lo ra t  i on  
Aquatic vegetat ion 

9. Terrain Stabi 1 i t y  
Su r f ace s t r uc t u r a  1 geo 1 og y 

pectml 

P 
,ange - 

pectrol 
ondwidth 

P 

Sround 
a01 ution 
Feet 

,4- .7  

J k . 7  
,4- .7  
,4- .7 

,4-1.2 
,4 - .0  

.4-.7 

.4-.7 

,4-.7 
.4- .7 

,4- .7  
.4-.7 
.4- .7  
.4- .7 

,4-I . 2  

.4- .7 

.4- .7  

.4-.7 

.6-1.2 

.4-.7 

Bd . 
Bd . 
Bd . 

-- 

. I  
Bd . 
.01 

05 
05 

0 1  

.01 

.1 

.01 

Bd . 
.01 
Bd . 
.01 

9 05 

. I  

05 
02 

.02 

Bd . 

100 
IO 

10-20 

100 
IO 

100 

1 00 
1000 

10-50 
1000 

100 
50. 

. 10 
1000 
5- IO 
1000 

1 00 

IO- 50 

1000 
100 
100 

100 

Applies to 
m. 23 

ensgiyity 
t/m !ST!b 

1-10 
. I - 1  
. I - 1  

. I - 1  

. I - 1  

.)-I 

.01-. 1 

. l - 1  

. I - 1  

. I - 1  

. I - 1  

.01-1 

IO 
. I - 1  
IO . 
. l - 1  

.31-*1 

, 1 0 1  

. I - 1  

.Ol-. 1 

. l - 1  

1-10 

3bsewa tion 
- req uc nc y 

Days 

INT (30) 

INT (w) 
60 
I N 1  (39) 

14 
30 

INT (30) 
30 

INT (30) 
1 /24 

INT (14) 
INT (14) 
INT (14) 
I N 1  (14) 

INT (1) 

INT (14) 

INT (30) 
INT (30) 
!NT (30) 

(1 
IN' Year) 

4- 1 . . .. 



F 
b 

.B IR Rcrdiomehy/lmging for 
a! Cartography, Etc. : Area t x p l o i  t a t i o n  

LQ 

-~ 

ACCURATE AND CURRENT MAPS AND CHARTS 
1. Urban and Indus t r i a l  Growth 

Shore1 ine a1 t e r a t  ions 
Man-made .;s t ruc tu  res 
Shipping a c t i v i t i e s  

2. 

co 
4. 

5. 

6. 

7. 

Marine Construction and Oredging 
New s t ructures 

TAL SPACE QUALITY 
Sedimentat ion Rate 

L i t t o r a l  t u r r e n t  pat terns 

Estuar ine and Nearshore C i r cu la t i on  Patterns 
Sea surface temperature 

Beach Character 
Beach w i d t h  
I n t e r t i d a l  zone w id th  

Natural Hazards 
Surface temperature 

Surface temperature 
Thermal pol l u t i o n  

I 

i 

9. Ter ra in  Stab; 1 i t y  
Surface s t ruc tu ra l  geology 
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Radar Scattarometry/Imaq ing for 

Cartography , Etc. - Area Exploi t a t  ion 

Applies to 
Fig. 23 

A d  i cations 

ACCURATE AND CURRENT HAPS AN0 CHARTS 
1 .  Urban and Indus t r i a l  Growth 

Shore1 ine a1 terat lons 
Marmade s t ructurcs 
Shipping a c t i v i t y  

2. Marine Construction and Dredging 
Surface roughness changes due t o  new structurc 

COASTAL SPACE QUAL I TY 
g. Beach Character 

Beach width 
I n t e r t i d a l  zone width 

9. Terrain Stabi 1 i t y  
Surface s t ruc tu ra l  geology 
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Rectston Ranging for 

Cartography, Etc, - Area Exploitation 

ACCURATE AND CURRENT MAPS AND CHARTS 

COASTAL SPACE QUALITY 
5. Estuarine and Nearshore Circulation 

Patterns 
Tidal amplitude 

6. Beach Character 
Beach height 
Tidal amplitude 

9 .  Terrain Stabi 1 i ty 
Land shif ts  
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Applies to Microwave Radiometry for 
Cartography, Etc. - Area Exp lo i ta t ion  

Applications 

ACCURATE AND CURRENT MAP! 
AND CHARTS 
I ,  Urban and Indus t r ia  

Growth 
Saline and therma 

a1 te ra t  ions 

COASTAL SPACE QUAL 1 TV 
4.  Sedimentation Rate 

Estuarine 
c i r cu I a t i on 

5. Estuarine and 
Nearshore C i rcu l a t  io1 
Patterns 

Surface s a l i n i t y  
(for t rac ing r i v e r  
eff Iuent) 

7. Natural Hazards 
Surf ace tempera turc 

8. Water Qua l i t y  
1) 
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laser Depth Sounding for 
Cartography, Etc. - Area Exploitation 

Applications 

ACCURATE AND CURRENT MAPS AN0 CHARTS 
2. Marine Construction and Dredging 

Bottom topography 

COASTAL SPACE QUAL I TY 
&. Sedimentation Rate 

Bottom topography 

6 ,  Beach Character 
Nearshore bottom topography 

Sampla 
Spacing 
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Applter to 
Fig. 23 

Ground 
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Visible and Near IR Spec t rome t rdlmaging for 
Cartography - Resources Management 

I,OCATION, ACCESSIBILITY, ?UALITY, 
AND DECREE OF EXPLOITATION OF 
HINERM, DEPOSITS 
1. Mineral Deposits 

Bottom color (as index of 
composition) 
Natural petyoleum s l i c k s  

(g l  i t t er ) 
(color ) 

IDENTIFICATION OF POTENTIAL ENERGY 
SOURCES -- 

A Z p T i d a 1  and Surf Action 
A Turbidity 

Width of surf zone 
Color s h i f t  due to  depth 

Rivers 
'hsrbidity indications of 

Local topography and 
f low rates at  r iver  mouth 

geological composition 

A 

AS. Consistent Wind Patterns A Sea state ( g l i t t e r  analysis)  

Ad. Ocean Currents 
Trajector ies  of f loa t ing  

Current boundaries 
Sedlment pa t te rns  

objects  
A 

EXISTING AND POTENTIAL FRESH 
WATER SOURCES 
7 .  Standing Water Reserves 

f resh  water 
Areal extent of bodies of 

Water depth (spectral s h i f t )  
Water discolora t ion  (due to 

pollut ion or plankton 
bloom) 

8. Frozen Water Rererves 
Snow a d  g lac i e r  boundarislr 

(ar-1 extent) 
i cy+ Snow pack albedo 
I 

9 .  Nearshore Springs 
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Cartography - Resources Management 
- ~- 

Applications 

ASSESSMENT AND MANAGEMENT OF 
MIGRATORY OR NONMIGRATORY LIVING 
RESOURCES 

10. Concentration of Harine 
0 rganisms 

Chlo rophyl f 
Turbid1 t y  .. Water discoloration (due to 

pollution) 

boundaries) 
Surface roughness (seaweed 

- 
bpectral 
longe 
P - 

.4-1.2 

.4-. 7 

.4-1.2 

.4-.7 

Spectral 
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05 
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50 

Appiies to 
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IR  Rodiomstry/lmoging for 
Cartography - Resources Management 

Disposit ion of isotherms exceeding tolerance 
range of important species 

J 

LOCATION, ACCESSIBILITY, QUALITY, A19) DEGREE OF 
EXPLX)ITATION OF MINERAL DEPOSITS 
1. Mineral Deposits 

Natural petroleum s l i c k s  

IDENTIFICATION OF POTENTIAL ENERGY SOURCES 
A3. Geothermal Heat 
A Land temperature 

A4. Rivers 
A Isotherm mapping a t  r iver  mauth 

Consistent W i d  Patterns 
Areas where wind mixing d is rupts  surface 

I thermal s true t u r e  

a6. Ocean Currents 
Lagrangian observations on f loa t ing  objects 

I Current boundaries 

EXISTING AND POTENTIAL FRESH WATER SOURCES 
7. Standing Water Reserves 

Areal extent of bodies of f resh  water 

8. Frozen Water Reserves 

A Snow pack albedo 
Snow and g lac ie r  boundaries ( a rea l  extent)  

9 .  Nearshore Springs 
Sea surface temperature 

imund 
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Rador Scatteromehy/l mag i ng for 

Cartography - Resources Management 

Applications 

LOCATION, ACCESSIBILITY, QUALITY, AND DEGREE OF 
EXPLOITATION OF MINERAL DEPOSITS 
1. Mineral Deposits 

Surface roughness (na tura l  petroleum s l i cks )  

IDENTIFICATION OF POTENTIAL ENERGY SOIWES 
~ 4 2 .  Tidal and Surf Action 
.:. A Nearshore sea srate 

. :  A4. Rivers 
A Local topography 

. -  

* 

$ A5. Consistent Wind Pat terns  
..i A Sea s ta te  

< .A6 . Ocean Currents 
-s 4 - A  

i 
6 

Lagrangian observations on f loa t ing  objec ts  
=. 

EXISTING AND POTENTIAL FRESH WATER SOURCES 
7. Standing Water Reserves 

Areal extent  of bodies of f resh  water 

8. Frozen Water Reserves 
Snow and g lac i e r  boundaries (a rea l  extent)  

ASSESSMENT AND MANAGEMENT OF MIGRATORY OR NON- 
MIGRATORY L I V I N G  RESOURCES 
10. Concentrations of Marine Organisms 

Surface roughness ( for  del ineat ion of seaweed 
boundaries ) 

;round 
esol utior 
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1. .- 

.- :a , . .- 

Recision Ranging for 

Cartography - Resources Management 

Applies to 
Fig* 24 

W 
Applications 

LOCATION, ACCESSIBILITY, QUALITY, AND 
DECREE OF EXPLOITATION -. OF MINERAL DEPOSITS 
1. Mineral Deposits 
A Average t i d a l  amp L i  tude 

IDENTIFICATION OF POTENTIAL ENERGY SOURCES 
A.2. Tidal and Surf Action 

Tidal  amplitude ( loca l )  
Wave p ro f i l e s  

Ir 

A5. Consistent Wind Pat terns  
Pe r s i s t en t  s lopes maintained by 

coas t a l  winds 
- A  

L\6. Ocean Currents 
'1 Sea sur face  s lopes accompanying 

geostrophic f lows 

EXISTING: AND POTENTIAL FRESH WATER SOURCES 
7. Standing Water Reserves 

Water l eve l  i n  lakes,  reservoi rs ,  
r i v e r s  

ASSESSMENT AND MANAGEMENT OF MIGRATORY 
OR NONMIGRATORY LIVING RESOURCES 

- 
Field of 
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Microwave Radiometry for 
Cartography - Resources Management 

Applications 

LOCATION, ACCESSIBILITY, 
QUALITY, AND DEGREE OF 
EXPLOITATION OF MINERAL 
DmOS ITS 
1. Mineral Deposits 

Natural petroleum 
s l i c k s  

IDENTIFICATION OF POTENTI, 
ENERGY SOURCES A+. Tidal  & surf ac t ion  
A Nearshore sea s ta te  

A3. Geothermal Heat 
A Land temperature 

A4. Rivers 
Isotherm and 

isohal ine  mapping 
a t  r i v e r  mouth 

A 

4 5 .  Consistent Wind 
A Pat te rns  

Areas where wind 
mixing d i s rup t s  
surf ace tempera- 
tu re ,  s a l i n i t y ,  
heat  f lux  and 
sea state 

A6. Ocean Currents 
A Current boundaries 

(temperature, and 
s a l i n i t y )  

EXISTING AND POTENTIAL 
FRESH WATER SOURCES 
7 .  Standing Water Reserv 

Surf ace s a l i n i t y  
Areal extent  

8. Frozen Water Reserves 
Snow and g l a c i e r  

boundaries 
(areal extent)  

A Snow pack albedo 

9 .  Nearshore Springs 
Surface s a l i n i t y  
Temper a t u r e  
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'iew 
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Applies to 
Fig. 24 
~- 

ccumcy 
Emp 
K 

1 .o 

0.5 

0.5 

0.5 

2.0  

2.0 
1.0 

0.2 

acuracy 
alinity 

0.5 

0.5 

0.5 

5 .O 

5.0 

lbserva tion 
mquency 

Days 

INC (60) 

INT (14) 

INT (14) 

INT (14) 

INT (14) 

4-1 2 

7 



Microwave Radiometty for 
Cartography - Resources Management 

kQplier to 
24 

Appf ications 

ASSESSMENT AND MANAGEMENT 
OF MIGRATORY OR NON- 
MIGRATORY LIVING RESOURCE! 
10. Concentrations of 

Marine Organisms 
Isotherms and 

isohalines 
exceeding toleranc 
range of importan! 
species 

(seaweed 
Surface roughness 

boundaries) 

i 

ield of 
‘iew 
Mi ler 

;round 
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laser Depth Sounding for 

C a r t o g r a p h y  - Resources Management 

Applications 

LOCATION, ACCESSIBILITY, qUALITY, AND DEGREE OF 
EXP1,OITATION OF MINERAL DEPOSITS 
1. Mineral D e p o s i t s  

Water depth 

IDENTIFICATION OF POTENTIAL ENERGY SOURCES 

A N e a r s h o r e  bottom topography 
AQ. T i d a l  and S u r f  Action 

EXISTING AND POTENTIAL FRESH WATER SOURCES 
7 .  Standing Water Reserves 

Water depth i n  lakes, reservoirs 

ASSESSMENT AND MANAGEMENT OF MIGRATORY OR 
NONMIGRATORY LIVING RESOURCES 

Grple 
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Applies to 
Fig. 24 - Ground 
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Vltible and Near IR Spect rome t tdlmaging for 

Cartography - Physical Conditions 

Applies to 
Fig. 25 

Applications 

NAVIGATIONAL AND FISHING HAZARDS 

A Delineation of  current 
AI. Hazardous Currents 

. boundaries (color contrasts 

A2. Biological Hazards 
Character ist ic co lorat ion of 
phy top 1 ank ton b 1 m m s  and 
seaweed g row t h 

A 

3 .  Shoal Water 
Water depth (spectral s h i f t ,  

t u r b i d i t y ,  wave re f rac t i ve  
pat terns) 

4. Sea Ice 
Ice co lor  (age) 
Sea ice boundaries 
Bergs & f loes 

Ic ing  Conditions 
A Cloud format iom 

Sea state ( g l i t t e r  analysis) 

6. High Winds and/or Heavy Seas 
Sea state ( g l i t t e r  analysis) 

7. Obstacles to Trawling 
Depth & bottom type 

ENGINEERING INFORMATION 
8 .  B o t t m  Character 

Bottom topography 
Bottom composition (spectral 
analysis) 

9. Current Regime E Ci rcu lat ion 
Fat terns 
Turbidi t y  patterns 
Surface manifestations of 

Current patterns (color 

* Daily coverage of  the advance o f  
Weekly coverage i s  s u f f i c i e n t  i n  

Bd - Broadband 

internal  waves (c.9. ,sl icks 

0 contrasts) 
4 *.i 

- 
ipec tra I 
lange 
P - 
.4-.7 

.4- 1.1 

.4-.7 

.4-.7 

.4-.7 
11 

I 1  

.4-. 7 

I t  

I 1  

.4-.7 

.4-.7 

.4-.7 

.4-1.2 

.4-. 7 
ce in to  
e rmanen 

5pectrai 
landwid th 

P 
-~ 

03 

05 

.02 

.05 
Bd 
II 

I I  

I 1  

V8 

1 1  

.01 

OS 

03 

.O5 

03 
mrts  and 
C semi-p 

Ground 
iksol ution 

Feet 

1000 

100 

100 

1000 
1000 
25 

1 o4 
NA 

NA 

100 

100 

100 

100 

300 

100 

i mpor tan t 
rmanent p 

F.O.V. 
Miles 

50 

50 

50 

50 
50 
50 

50 
G l i t t e r  
Pat tern 

G l i t t e r  
Pattern 

50 

10 

10 

IO 

10 

10 

5h i pp i n! 
ck ice I 

Sens y i v  i t-y 
w/m /ST 2 

. l - 1  .o 

.1-1 .o 

. l - 1  .o 

. l - 1  .o 
1-10 

1 1  

1 1  

1-10 

1-10 

II 

. l - 1  .o 

. l - 1  .o 

, 1 0 1  .o 

. l - 1  * o  

. 1 - 1  .o 
lanes i s  r 
g ions. 

Oksrva ticn 
Frequency 

b y 5  

5 

7 

30 ( E  1nt.- 
a f t e r  storms) 

7 
7* 
1 

1 
1 

1 

I n t  (60) 

It  (60) 
I 

It (14) 

I t  (14) 

1 1  (14) 

eded . 
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IR  Radiometry/lmging for 

Cartography - Physical Conditions 

Me1 t i  ng/formi ng potent i a1 (thermal cont rast )  

Applies to 
Fig* 25 

- _  

Applications 

NAVIGATIONAL AND FlShlClG HAZARDS 

A 
A 1 . Hazardous Currents 

Del ineat ion o f  current  boundaries (thermal 
cont ras t s )  

3 .  Shoal Water 
Thermal contrasts i nd i ca t i ve  o f  shoals 

5. I c i ng  Conditions 
A Cloud format ions 

ENGINEERING INFORMATION 
9. Current Regime b Ci rcu la t i on  Patterns 

Current patterns (thermal cont rast )  
In te rna l  waves 

* See Footnote, Page 4-15 

- 
Bound 
solution 
Feet - 
1000 

100 

- 
1000 + 

4 
10 

100 
300 

- 
0o.v. 
Iniles - 
50 

50 

- 
50 

-%- 
50 

10 
10 

ScKUmcy - 
1 .o 

1 .o 

- 
1 ,o + 
NA 

1 .o 
0.5 

r e q  uenc y 
Days 

5 

O (t i n t )  

-1 
1 

I n t  (14) 
(14) 
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Radar Scatterometry/l mag i ng f o r  

Cartograph - Physical Conditions 

Appl i ca tions 

NAVIGATIONAL AND F I S H I N G  HAZARDS 
3 .  Shoal Water 

Su r face roug hnes s 
Wave r e f r a c t i v e  patterns 

4 ,  Sea Ice 
Sea ice  bounddries and gross topography 
Bergs & f loes  

5. I c i n g  Conditions 
Cloud format ions 
Sea s ta te  

6 .  High Winds and/or Heavy Seas 
Sea s t a t e  
Wave d i rec t i ona l  spectrum 
Wind f e t c h  

ENGlNtERlNG INFORMATION 
9. Current Regime & C i r cu la t i on  Patterns 

SurfPce manifestat ions o f  i t r ternal  waves 
(e.g., s l  icks)  

* See Footnote, Page 4-15 

round 
,solution 

Feet - 
i 00 
100 

1000 
25 

104 
N.A. 

N.A. 
N.A.  
N.A. 

300 

- 
:.o.v. 
A i  les 
7 

50 
50 

50 
50 

50 
50 

50 
50 
50 

10 

Applies to 
Fig. 25 

4ccuracy 

IN (3-12) 

)N (3 -12) 

IN (3-12) 
1 oo 

IN (0-2) 

I 

1 bse rva tion 
r q u e n c y  

Days 

30 ( 8  I n t )  
30 (8 I n t )  

7* 
1 

1 
1 

1 
1 
1 

I,lt (14) 
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Recision Ranging for 

Cartography - Physical Conditions 

Applies to 
Fig. 25 

Applications 

NAVIGATIONAL AND F I S H I N G  HAZARDS 

A Surface slope (current vector) 
AJ. Hazardous Currents 

3 .  Shoal Water 
Wave ref ract ive  patterns 

4 .  Sea Ice 
Ice thickness 

5 .  Icing Conditions 
Wave prof i 1 ing 

6 .  High Winds and/or Heavy Seas 
Wave pro f i l ing  

ENGINEERING INFORMATION - 

- 
:ield of 
4iew 
Miles 

imPle- 
pacing 
Miles 

10 

,002 

1 

,002 

002 

~- 

oo tpr i n t 
liameter 
Feet 

I 03 

5 

I 03 

5 

5 

Accuracy 
cm 

~ ~~ 

10 

25 

IO 

100 

100 

Obrerva tion 
Frequency 

Days 
~~ 

5 

30 

7 

1 

1 
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Microwave Radiometry for 
Cartography - Physical Conditions 

m 
Applications 

~- ~ 

NAVIGATIONAL AND FISHING 
HAZARDS 

A Del ineat ion of  curren 
bowdar ies (thermal 
and s a l i n i t y  cont rast  

A\ .Hazardous Currents 

4.Sea ILe 
A S a l i n i t y  c o r r e ~ a t i o n s  

Ice th  i ckness 

5. lc inq Conditions 
Atmospheric therma I and humidity p ro f i  ;e 

Sea s t a t e  

6.High Winds and/or 
Heavy Seas 

Sea s t a t e  
Wind Fetch 

ENGINEERING INFORMATION 
9.Current Regime & 

C i r cu la t i on  Pat tern 
Current pat terns 

(thermal and s a l i n i t  
contrasts)  

:ield of 
Jiew 
Miles 

50 
50 

50 
50 

10 

Sround 
leso I ut ion 
Feet 

1000 

1000 
1000 

N.A. 

N.A. 

N.A. 
N.A. 

100 

Accuracy 
ieat  Flyx 
:aI/cm /min 

ccuracy 
$a State 

IN( 3-12) 

IN ( 3-12) 
BN(0-12) 

Applies to . .  
Fig. 

ccuracy 
emP 
K 

0.5 

10% 

0.5 

25 

0.5 

0.5 

5 

7 
7 

11 1 

1 
1 

In t  (14) 
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laser Depth Sounding for 

Cartography - PI a i  Co3ditions 

A d  icctions 

NAVIGATIONAL AND FISHING HAZARDS 
3.  Shoal Water 

Bottom topography 

7. Obstacles To Trawling 
GenerLl. bottom topography 

ENGINEEaING INFORMATION 
8. Bottom Character 

Water Depth 

T Z i r  
Spacing 
Feet 

100 

300 

100 

. 

Applies to 
Fig. 2 5  1 - 

Ground 
Resolution 
Feet 

4ccuracy 
Feet 

3 

3 

2 

-- 

0 bserva t io n 
Frequency 

Days 

30 ( & l n t )  

Int (90) 

a 

In t (60)  
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Visible and Near IR Spec t romet rdlmaging for Applies to 
Fig. 26 Cartography - Physical Conditions 8 

~~~ 

3bserva tion 
- 
ec tm I 
W e  
A - 
.4-.7 

.4-.7 

.4-.7 

.4-.7 

round 
?solution 
Feet 

~ 

Applicatior,; 

:.O.'J. 
Miles - 

50 

-requcncy 
DO;/; 

100 

GEOLOG I CAI, PROCESSES 
1. Coral Reefs 

Reef boundaries and ddpth .02 i/2 vear . l - I  .o 

2. Erosion-DeDosition 
Shoreline morphology 
Bottom topographical changes 
Turbidity pa t  t e rns  

Bd 
. O l  
.1 

100 
1000 
100 

50 
50 
50 

1-10 
.l-1.0 
.l-1.0 

Ai [Eustatic Sea Level Chaxes 
Terrestrial and ocean ice 

Insolation/albedo 
Atmospheric transparency 

(pol lut ion)  

extent 

A4. Volcanic Activity 
Visible  indicat ions (smoke, 

steam, l a rge  a sh  deposits)  
A 

.4-.7 

.4-.7 
Bd 
Bd 

1000 
NA -- 

50 
50 

50 

- 

50 

INT(1/2 Year 1-10 
1-10 

Bd .4-.7 

.4-.7 

- 
-4--7 

1=(1/2 Year) N.A. 1-1.0 

Bd 1000 INT (7) 1-10 

n 
extent  and locat ion 30 Bd 100 50 - 

100 
50 
50 

50 

l i t t e r  
a t t e r n  
50 
50 

g l i t t  

- 
p a t t e  

1- 10 

6 ,  Pack Ice Dynmlcs 
Pack ice  bou: laries 
Ice color  (age, thickness) 
Ins  o 1 a t  i on/ a l b  ed o 
Ice s t ruc ture  ( leads,  

ridges. etc. 

Bd 
.05 
Bd 

Bd 

1000 

1000 

100 

1000 
1-10 
.l-1.0 
1- 10 

1- 10 

7-14 
7- 14 
INT (14) 

.4-.7 

.4-.7 

.4-.7 

.4-.7 

.4-.7 

.4-.i 

.4-.7 

.4-.7 

- 

7-14 

WEATHER CONDITIONS 
7. Patterns of Weather 

Sea state Bd NA 1-10 1 

a 
1 

10- 
N.A. 

LCloud patterns and movements 
Inso la t  ion/ albedo 
Cloud height (oblique view, 

shadow displacement) 

Bd 
Bd 

1-10 
1-10 

Bd NA 1-10 1 



tR Radiometry/lmCrging for 

Cartography - Phys ica l  Conditions 

Insolation/albedo 
Surface temperatme 

Appl ica tions 

Surface temperathre 
Cloud pat terns  and movements 

GEOLOGICAL PROCESSES 
2. Erosion-Daposi t ion  

Shoreline morphology 

A3. Eustat ic  Sea Level Charaes 
Polar ice pack extent 
Insola t ion/albedo 
Atmospheric emissivity properties (po l l u  t ion) 

A [  

Ab. Volcanic Activity 
A Thermal cha rac t e r i s t i c s  

4 5  Glaciation 
A Glacial extent and location 

WEATHER CONDITIONS 

round 
rsol ution 
Feet 

100 

r 
N.A, 

N.A. 

50 

100 

1000 
1000 
1000 
100 

104' 
10 
NA 
- 

- 
Z.0.V. 
Miles 

50 

r 
50 

50 

50 

100 
50 

50 
50 

50 
50 
50 
- 

Applies to 
Fig* 26 

- 
rCCUKIC) 
O K  

1.0 

0.5 - 

Dbservation 
.requency 

Days 

30 ( 6  IN") 

INT (1/2 Year 
NT (1/2 Year) 
INT (1/2 Year) 

30 

7-14 

1 
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Radar Scattcrometry/lmaging for 

Cartography - Physical Conditions 

Appi' :.-tions 
w 

GEOLOGICAL PROCESSES 
2. Erosion-Deposition 

Shore1 iae morphology 

A3. Eustat ic  Sea Level Changes 
A Polar i c e  pack extent  

A.5. Glaciation 
A Glacial extent and locat ion 

6.  Pack Ice Dynamics 
Pack ice bourdaries 
Ice s t r u c t u r e  (leads,  ridges. etc.) 

WEATHER CONDITIONS 
7. Patterns of Weather 

Sea state 
Cloud cover 
Prec ip i ta t ion  (cloud density) 

--: . . .. ..;p 
. j  . .  .. 

- 
round 
rsolutior 
Feet - 

100 

1000 

100 

1000 
100 

N.A. 

- 
=.o.v4 
Miles - 

50 

100 

50 

100 
50 

50 
50 
50 

Applies to 
Fig. 26 

Obte wa t ion 
Frequency 

30 c& INT) 

INT (1/2 Year) 

30 

7-14 
7-14 

1 
1 
1 

4-2 3 



Recision Ranging for 
Cartography - Physical Conditions 

Applies to 

Applications 

GEOLOGICAL PROCESSES 
4 3 .  Eustatic Sea Level Changes 

A Global mean rea leve l  

'A4. Volcanic Activity 
A Volcanic island profi les  

WEATHER CONDITIONS 
7 .  Patterns of Weather 

Sea surface depressions and elevations 
indicative of atmospheric highs 
and lows 

Cloud height 

- 
7eld of 
Jiew 
Miles - 
N . A .  

100 

100 
50 

ample 
pacing 
Miles 
~- 

100 

1 

1 
2 

ootprint 
liameter 
Feet 

lo3 

10 

10; 
10 

4c cura cy 
cm 
-~ 

10 

50 

10 

ii Observation I 
Frequency 
Da l/S 

INT (1 Year) 

INT (1 Year) 

1 
1 



_. 
b .  Microwave Radiometry for 

L' 

Cartography - Physi 1 Cond i t ions 
ield of 

1 - 
?? 
.. 

Applications 

GEOLOGICAL P ROC ES S ES 

A Changes 
A3. Eustatic Sea Level 

Insolation/albedo 
Atmospheric 

emissivity 
properties 
(pollution) 

6. PACK ICE DYNAMICS 

and thickness 
Pack i c e  boundaries 

Surface temperature 

WEATHER CONDITIONS 
7 .  Patterns of Geather 

Heat flux 
Sea s ta te  1 Precipitation 

1 Surface temperature 
Insolation/albedo 

ficw 
Mi Ics 

~ 

50 

50 

1-00 

50 

50 
5D 

n 
50 

50-100 
300 
50 
50 
50 

Sround 
tesolution 

Feet 

N.A. 

X.A. 

1000 

N.A. 
N.A. 
1000 

104 
N.A4 

lo; 

N. A. 

10. 

10 
N. A. 

4cc urn cy 
4eat Flyx 
:aI/cm ;'min 

0.2 

ccuracy 
?a state! 

[BN (3-12 

Applies to 
Fig. 26 

rccumcy 
=mp 
K 

0.5 

4ccurocy 
Mlini ty 
O i O a  

4-25 

3bsprvation 
Frequency 

Days 

7-14 

7-14 

I 
1 

3 



Loser Depth Sounding for 

k Cartography - Physical Conditions R 
F 
f 

Applications 

GEOLOGICAL PROCESSES 
1. Coral Reefs 

Depth profi les  across reefs  

2. Erosion-Deposi t ion 
Bottom topographical changes 

WEATHER CONDITIONS 

Spacing 
Feet 

50 

300 

Applies to 
Fig. 26 - 

Ground 
Resolution 

Feet 
k c u m c y  

Feet 

Observation 
Frequency 

Daw 

1/2 year 

30 ( 6  INTI 
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Visible and Near IR Soect rmet ryhioging for 

Cartography, Hydrology, and Geologv - Coastal Structures  

w 
Applications 

EVALUATING ALTERATIONS TO COASTAL 
PROCESSES BV CONTROLLING 
STRUCTURES (GROINS, JETTIES) 

Sea state and r e f r ac t ive  pat terns  
( g l i t t e r  analysis)  

Bottom color (as  indicat ive of 
compos i t ion) 

Turbidity 

Beach width and spec t r a l  
ref lectance (as ind ica t ive  of 
compos i t ion) 

Water color (as ind ica t ive  ot 
pollut ion)  

Dye pat terns  ( fo r  t racing 
pol lu t ion  phenomena or sediment 
transportation) 

Changes i n  abundance or loca t ion  
of benthic algae 

Disposit ion of phvtoplankton 
blooms 

Terrestrial vegetat ion 

Nearshore bottom topography 

- 
p e C t t a l  
onge 
P - 

,4-.7 

,4-.7 

,4-.7 

,4-.7 

,4-1.2 

,4-.7 

,6-1.2 

,4-1.2 

,4-1.2 

,400 7 

ipectrci 
h d w  i d  th 

P 

Bd 

0 05 

.1 

.05 

.OS 

. O l  

.02 

b 05 

01 

0 01 

3 round 
tesolutian 

Feet 

25 

100 

100 

10- 25 

100 

50 . 

50- 100 

100 

10 

100 

- 
F b 0 b v . 
Miles - 

50 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Applies to 
Fig* 27 

1-10 

.l-1 .o 

.l-1.0 

.l-1.0 

.01-. 1 

.01- 1 

.l-1 

.l-1 0 

1-10 

.l-1 

- ~~ 

Observation 
Frequency 

Days 
~ 

INT (14) 

30 

INT (14) 

INT (14) 

1 

1/24 

30 

IN" ( 1 4 )  

INT (60)  

7-14 
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IR Radiometry/lmaging for 

Cartography, Hydrology, and Geology - Coastal Structures 

Applica Fans 

EVALUATING ALTERATIONS TO COASTAL PROCESSES BY 
CONTROLLING STKZCTURISS (GROINS, JETTIES) 

Thermal pollution patterns 

Isotherm napping of current patterns 

K e l p  bed extent (water temperature) 

Beach width 

;round 
solution 
Feet 

100 

300 

100 

10-25 

- 
F.O.V. 
Miles - 

10 

50 

10 

10 

Applies to 
Fig. 27 

Observation 
Frequency 

Days 

5 

INT (30) 

30 

INT (14) 
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Radar Scatteromtry/l mag i ng for  

Cartography, Hydrology, and Geology - Coastal Structures 

EVALUATING ALTERATIONS TO COASTAL P R O C E S S E S  BY 
CONTROLLING STRUCTURES ( G R O I N S ,  JETTIES) 

Sea s t a t e  and refract ive  patterns 

;round 
!esol iitior 

Feet - 
10- 20 

- 
F.O.V. 
Miles - 
50 

Applies to 
Fig* 27 

- 
Accumc - 
RN (3-12 

3 bse rva t ion 
-requency 

I N T  (14) 

4-29 



Recision Ranging for 
Cartography, Hydrology, and Geology - Coastal Structures 

~ 

Applications 

EVALUATING ALTERATIONS TO COASTAL PiiOCESSES 
BY CONTROLLING STRUCTURES (GROINS, JETTIES) 

Wave prof i l ing  

- 
:ield of 
/iew 
Miles - 

ample 
pacing 
Miles 

5-10 
f e e t  

Dotpr i n t 
iameter 
Feet 

1-2 

Applies to 
Fig* 27 

Accuracy 
cm 

- +50 

Observation 
Frequency 

Days 

INT (14) 

. 
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Microwave Radiometry for 
Cartography, Hydrology, and Geology - Coastal Structures . #  

0.5 

4- 31 

Applications 

3bservation 
Frequency 

Days 

EVALUATING ALTERATIONS 
TO COASTAL PROCESSES BY 
CONTROLLING STRUCTURES 
(GROINS, JETTIES) 

Sea s ta te  

Isothermal and isohaline 
mapping of current 
patterns 

ield of 
tew 
Miles 
r. 

50 

50 

hound 
esol ution 
Feet 

NA 

300 

rccuracy 
ieat Flyx 
at/cm Imin 

- 
E c urac y 
!a Stute - 

3N(3-12: 

Applies to 
Fig. 

:curacy 
! mp 

- 
/ - 

0.5  

27 
~~~ ~ 

rc c ura cy 
alinity 
o/m 

INT (14) 

INT (30) 



laser Depth Sounding for 

Cartography, Hydrology, and Geology - Coastal Structures 

Applications 

EVALUATING ALTERATiONS TO COASTAL PROCESSES BY 
CONTROLLING STRUCTURES (GROINS, JET1 IES) 

N e a r s h o r e  bot tom topography 

.:.r ... 

Sample 
Spacing 
Feet 

20 

Applies to 
Fig. 27 - 

S round 
iesol ution 
Feet 

N.A. 

hccumcy 
Feet 

Frequency 
Days 

7 
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Visible and Near IRSpectromet ry/Imaging for 

Cartography, Hydrology, and Geology - Coastal Structures  

Applications 

SURVIVAL OF MAN MADE COASTAL 
STRUCTURES 
1. 

A 

2. 

3.  

4. 

5. 
B 

6 .  

7. 

A 
&8. 
A 

9. 
A 

Earthquake Forces and Motions 
S t ruc tura l  geology ( locat ior  

of f a u l t  systems) 

High Wind Forces 
Sea s ta te  ( g l i t t e r  ana lys i s  

and presence of whitecaps) 

Cloud pa t te rns  
Smoke plucles 

Tsunami Damage Potent ia l  
Nearshore bottom topography 

and coas t l ine  configuratic 
Tsunami wave t r a i n s  ( g l i t t e r  

High Sea S ta t e s  
Sea s ta te  ( g l i t t e r  analysis)  

Water Depth 

Effects of Normal Sea and 
Swell Waves 

Sea s t a t e  nearshore 

Wave refraction 
Surf zone width 

Rates of Sediment Erosion 
and Deposition 
Nearshore bottom topography 

Tur o i d i  t y 
Bottom composition 
Wave r e f r ac t ion  

and coas t l ine  configuratic 

Storm Surges, Tides, and 
Nea rshore Currents 

t Coastl ine confinuration 
Turbidity 

Bot tom topography 

Meteorological Effects  
Wind dr iven sea s ta te  

( g l i t t e r  analysis)  
Smoke plumes 

S t resses  Due to  Formation of 
Sea Ice 
Sea ice  motions and extent  

- 
' p e C t r a l  
ange 
r - 

.4-.7 

.4-.7 

.4-.7 

.4-.7 

04-.7 
.4-.7 

.4-.7 

.4-.7 

.4-. 7 

.4-.7 

.4-.7 

.4-. 7 
.4-.7 
.4-.7 
.4-.7 

.4-.7 
I-4-.7 
.4-.7 

.4-.7 

.4-.7 

04-.7 

ipectrai 
landw i d th 

P 

Bd 

Bd 

Bd 
Bd 

. O l  
Bd 

Bd 

.02 

Bd 

Bd 
Bd 

. O l  

.05 

.05 
Bd 

.05 
Bd 
T 

Bd 
Bd 

Bd 

Ground 
Resolution 

Feet 
~~ ~ ~ 

100 

NA 

1000 
100 

500 
50 

NA 

100 

NA 

50 
10 

500 
100 
100 
50 

100 
100 
Ir)o 

200 
100 

10 

F.O.V. 
Mi les 

~~ 

50 

; l i t ter  
)at  t e r n  
50 
50 

50 
3 00 

;litter 
) a t t e rn  
50 

; l i t t e r  
) a t t e rn  
50 
50 

50 
50 
50 
50 

50 
50 
50 

50 
50 

50 

Applies to 
Fig- 28 

Sensyivity 
W/RI /STi d 

1-10 

1-10 

1-10 
1-10 

.l-1 .o 
1- 10 

1- 10 

.l-1 .o 

1- 10 

1-10 
1- 10 

.l-1 .o 

.l-1.0 

.l-1.0 
1-10 

.l-1.0 

s 1-1 e 0 
- 

1-10 
1-10 

1- 10 

~ ~~ 

Observation 
Frcq ue n c y 

Days 

INT (1 Year 

INT ci Year: 
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IR  Radiometry/lmging for 
Cartography, Hydrology, and Geology - Coastal Structures  

Miles ~ 

, 

Applications 
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Radar Scatterometry/l mag i ng for  

Cartography, Hydrology, and Geology - Coastal S t ruc tures  

Applies to 
Fig* 28 

Ground 
Resolutior F. O.V. Accuracy 

Applications Feet Miles 

SURVIVAL OF MAN MADE COASTAL STRUCTURES 
1. Earthquake Forces and Motions 
A St ruc tu ra l  geology ( loca t ion  of f a u l t  systems) 100 50 

2. High Wind Forces 

-- 

Sea s t a t e  NA 50 NBN(3-12: 
Cloud pat terns  1000 50 -- 

3. Tsunami Damage Potent ia l  
Coastline configuration 100 50 -- 
Tsunami wave t r a i n s  10 300 -- 

4. High Sea S ta t e s  
Sea state NA 50 NBN(3-12) 

5. Effects  oE Normal Sea and S w e l l  Waves 
Sea state nearshore NA 50 NBN(3-12) 
Wave re f r ac t ion  50 50 -- 

6.  Rates of Sediment Erosion and Deposition -- Coastl ine configuration 100 50 
Wave r e f r ac t ion  50 50 -- 
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Cartography, Hydrology, and Gea*Dgy - Coasta 

Applications 

SURVIVAL OF MAN MADE COASTAL STRUCTURES 
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2. High Wind Forces 
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Microwave Rad io me tr for 
Cartography, Hydro r ogy, and Geology - Coastal Structures P 

Applications 
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Laser Depth Sounding for 
Cartography, Hydrol.ogy, ar4 Geology - Coastal Structures 

-$- 

SURVIVAL OF MAN MADE COASTAL STRUCTURES 
3.  Tsunami Damage Potential 

Nearshore bottom topography 

4 .  High Sea States 
Nearshore bot tom topography 

6. Rates of Sediment Erosion and Deposition 
Nearshore bottom topography 

7 .  Storm Surges, Tides, and Nearshore Currents 
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Visible ana Near IR Spectrometrdlmaging for 

Cartography-Coastal Damage Survey B 
Applies to 
Fig. 29 

-~ .~~ 

Applications 

NATURAL HAZARDS 
1. Fires 

Extent of burned areas 
Smoke plumes 

2. Coastal Flooding 
Flooding extent  and duration 

3, Tropical Storms 
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IR Radiometry/lmaging for 

Cartography - Coastal Damage Survey 

Cbseria tion 

Applications 
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Radar Scatterometry/tmaging for 
Cartography - Coastal Damage Survey 

Applies to 
Fig. 29 

NATURAL HAZARDS 
2. Coastal Flooding 

Flooding extent and duration 

4. Earthquakes 
Gross topographic changes 

6. Tsunamis and Storm Surges 
Areal extent of flooding 
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hcttlon Ranging for 
Cartography - Coastal Damage Survey 

Applies to 
Ffg* 29 

Applications 

NATURAL HAZARDS 
2. Coastal Flooding 

Water leve l  
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Microwove Radiometry for 
Cartography - Coastal Damage Suyvey 

Applications 

- NATURAL HAZARDS 
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Lasr Depth Sounding for 
Cartography - Coastal Damage Survey 

Applications 

NATURAL HAZARDS 
2 .  Coastal Flooding 

Flood depths 
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APPENDIX B 

SYNOPSIS OF 
USER SURVEY RESULTS 



A significant part of the study w a s  a review of our established needs and 

data requirements for the coastal zone, prior to finalizing the performance 
goals for the sensor study. 

group of professionals active in the oceanographic community. 

Table 9-1 
special interests of each. 

This review was performed by a selected 

which i s  a list of the selected individuals, describes the 

The review package consisted of 1) the fold-out volume of logic trains 

(matrices) linking national priorities to 
version of these matrices appears in 
4 and 2) a companion volume listing resolution, 

sensitivity, and observational frequency requirements (sensor 

performance requirements) for each remote space observable in the 
matrices of the f i r s t  volume. 

Phenomena" of the f i r s t  volume were deemed by us to be of minor 

importance to the cor responding "implied information needs". 

were called out in the second volume and the survey group was 

requested to examine these designations. 

ace obse v bles (an edited 
tsA!Lbr 3 0 J P  

of this report 
4 

(Appendix A). Some of the "Associated 

These 

Responses were provided by the persons whose names appear in 

Table $-I , 

philosophical nature. 

below in informal telephone contact reports or  in copies of letters 

returned by the survey participants. Some respondents, on the other 
hand - notably contacts 2 and 3 - took a hard look specifically a t  our 
sensor performance requirements (second volume), While a contact 

report a s  such is not included here for those participants, their 

quantitative recommendations were taken into consideration prior to final 
specification of mission performance characteristics. 

also does not exist for Dr, North (contact number 7), the reason being 

that he served as a consultant during the course of the study and 

therefore did not serve in a review capacity. 

Many of the respondents' comments were of a general or 
The essence of our discussions a r e  presented 

A contact report 
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Telephone conversation on November 13th with Bill Davis representing 
the Federal Water Quality Administration. 

Bill Davis' comments were fair ly  general at first ,  he had some 

thoughts on optimal flight paths for  such a satellite system. F i r s t  of all 

he felt that i t  should be parallel to the coastline, in  other words  a 

capability should exist fo r  observation of all the coastlines in the United 

States and he felt that the Great Lakes regions were the most important. 
We discussed the tradeoffs associated with observaticnal frequency and 

spatial and spectral resolution and asked if he felt that a satellite system 

that was geared for  daily observations but missed large sections of U. S. 
coastline would be preferred over a system that obtained weekly 

observations but examined the entire coast, and he seemed to prefer the 

latter situation. He argued f o r  a system that would have a great deal of 

flexibility built into it. 
consideration a s  far a s  the opportunity to give good observations i s  

concerned, therefore he would want to have a s  many looks a s  possible at  

a certain area. 
the ability t o  change orbit during a mission and especially the ability 

to change data rates,  also the ability to look at  different areas  in 

different times, in other words to address pollution situations a s  they 

arise. 
system would be the advantages i t  would have for locating a reas  where 
you would want to place survey stations. 

He felt that cloud cover was a very important 

Other flexibility factors that he was considering were 

He felt that one of the major contributions of such a satellite 

He suggested that we may have omitted a category of major 
importance in our discussion and in our matrices which has to do with 

patterns of use. 
he is talking mainly about daily use patterns which a r e  indicative of our 

involvement with our envixonment. An example of this would be 

occupation of transportation routes, i .e.,  the number of cars  on the 
highways at  various times of day. 

of the Straits of Florida. 

certain seasons these lanes a r e  very clogged with shipping activities and 
the probability of a pollution event arising, say, f rom a collision, i s  very 

high. 
we can even obtain information on pleasure boat use patterns. 

As far a s  activities in coastal a reas  a re  concerned 

He mentioned ship traffic in the area 

During certain times of the day and during 

He suggested that if we could get down to 10 foot resolution level 



Telephone conversat ion Thursday  am November 12th, 1370 with 
Henry Yatko of SPOC - Navoceano 

Subject: U s e r s  Survey 

The first comment  w a s  that  he w a s  overwhelmed with the s ize  of 

He w a s  the package and f e l t  that  we had cer ta inly not left  anything out. 

wor r i ed  that we w e r e  going to possibly conclude that nothing could be 

done f r o m  space if we s e t  such ha rd  requi rements  on all of the individual 

phenomenon m e a s u r e m e n t s .  He commented that this  problem has  a r i s e n  

before  in every  u s e r s  survey and mos t  of thc . 'ers have fe l t  that  t he re  

w a s  ve ry  l i t t le  use  f o r  r emote  sensing because  it could not m e e t  each  of 

the minute requi rements .  

study would conclude that r emote  sensing is  not necessar i ly  competit ive 

with other  ground m e a s u r e m e n t s  pe r fo rmed  by u s e r s ,  but r a the r  that  

r emote  sensing would be compl imentary  to the ground-based m e a s u r e -  

ments .  He pointed out that m x y  times the usefulness  of r emote  sensing 

is of an  indicative na ture ,  i n  other  words  the r emote  m e a s u r e m e n t  detect  

indications of phenomena o r  p r o c e s s e s  occurr ing  even i f  they do not 

d i rec t ly  m e a s u r e  the phenomena. In  addition, he hopes that we wi l l  
s t r e s s  where  the spacecraf t  might have a unique contribution. 

the point that  he thought that  one of the ma jo r  payoffs would be that f o r  

the u s e r s  in question, satel l i te  r emote  sensing would place phenqmena 

in perspect ive,  in other  words  it would show relat ion of point m e a s u r e -  

men t s  over  broad  a r e a s  in t ime and it would enable the u s e r s  t o  be t t e r  

judge where they should place point m e a s u r e m e n t s .  

He wanted to  s t r e s s  that he hoped that our  

He made 

He rea l ized  that  the direct ive of ou r  study was  to  do a top down 

analysis  - to first de te rmine  what a r e  the coastal  needs and p rob lems  

f o r  the national concern  and then to  filter the study to  de te rmine  how a 

satel l i te  might bes t  contribute to these problems.  

d i rec ted  to go in that direct ion although he thinks that a be t t e r  a t tack 

would be to first define all of those sur face  f ea tu res  that might be 

amenable  to  r emote  sensing and m a r r y  the indicative m e a s u r e m e n t s  to 

the problem as descr ibed  by surface m e a s u r e m e n t s .  He laid out t h ree  

s teps  with r e g a r d s  to h i s  p r e f e r r e d  attack: (1) de te rmine  which sur face  

f e a t u r e s  amenable  to r emote  sensing, (2) determine  if they are indicative 

He knows that we  a r e  



of important phenomena, and (3) determine i f  they can be messured. 

He gave us  one example regarding salinity.  

wi l l  not be a direct me?.sulable from space but with regards  to saline 
intrusion, salinit) may have a strong correlatibn with the thermal 

measurement. Since temperature can be measured from snace, an 

indication of saline intrusion may be detectable. 

Salinity in  the near future 

He brought up the point that t.he Geonauticw study i s  near completion 

and that they have performed a user survey. 

for their spatial and spectral temporal requirements and have run into 
some of the same problems mentioned above: the requirements were so 

stiff that it was doubtful whether space remote sensing may be applicable 

to their problems. 
of their results with regards to measurement requirements. 

They have asked the users 

Nevertneless, ).e said that he would send us a copy 

We asked him if  he had any opinions with regards to orbit parameters. 

In particular, we asked if he thought that a global scheme is preforable 

over coverage of particular coastal a reas  of national concern, bearing in 
mind the spatial and temporal resolution tradeoffs involved. 

mentioned that they have been battling with these problems for quite some 

time and that they had not really drawn conclusions. He s-iggested that 

perhaps two geosynchronous satellites would be the answer for national 
problems and that a t  times you may want to  piggyback a nondedicated 
satellite for these purposes. His final conclusion was  that nobody a t  

this time really knows what is required to do the oceanographic job and 

he hopes that our study will  answer some of these questions. 

He 

He felt that while two geosynchronous satellites might satisfy the 

national requirements appropriately, the international problem would 

best be met either by a polar satellite or  one in an inclined orbit. 

To conclude, he did not have any specific criticism of our individual 

specifications with regards to measurement requirements. 

felt that we had gone about i t  in a manner in which we were directed but 

would like to see a study that came in the middle rather than using a top 
down needs analysis. We pointed out that we felt the purpose of the study 

was to strongly relate the capabilities of remote sensing to national needs 
with the belief that the satellite programs dedicated to oceanography would 

Basically he 
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not get off the ground in the political climate of today unless it was 

related to the man on the street .  

the study with the national needs and proceeding towards a satellite 

definition and the relevancy analysis that relates  to these needs.  

This could only be done by beginning 



Trip Report 
Visit to: Dr. Taivo Laevastu 

The trip was taken on November 13th by Lee Peterson and 

Gerald Johnson. In our initial telephoiie confersations with 

Dr. Laevastu he expressed serious doubts concerning satellite programs 
and therefore we felt it necessary to visit him personally in order to 
better explain our approach and the possible utility of satellites. 

a brief r e p r t  of his comments during our visit. 

This is 

First a few general comments about his philosophy. 

a long time been involved in classical weather prediction. 

is with the U.S. Navy Fleet Numerical Weather Central in Monterey and 

he feels that h i s  agency is doing an adequate job in this area already. 
Presently he receives wozfd-wide reports on sea surface temperature, 
sea state, and atmospheric properties. He recognizes there a r e  some 

iradequacies in their repoxtirig of meteorological facts but he feels that 
a saiallife probably has little to offer in filling those gaps. Although he 
is openly pessimistic about satellite applications he does not want to 

mislead us in the fact that he hopes that there wil l  be continued study and 

that the programs will be funded SO that we can better learn how 
satellites might be used. However, he is doubtful about the capabilities 
of spacecraft sensors for obtaining the needed information and feels that 

it may be a s  long as fifty years  before the capability of sensors may come 

up to his needs. 

He has for 
His position 

W i t h  respect to his specific needs for  data in reg,ards to weather 

prediction he feels that he does not need better sea state information, 
or  information on storm locations, storm surges, o r  tides. These 

conditions a r e  already adequately modeled by his computer algorithms 
and modeling programs. His greatest need is for sea surface temperature, 

but he feels that i f  we cannot provide accuracies of 0.1' C, the d-ata from 

satellites would probably only contaminate the data he now uses. He feels 
that the major role fo r  satellites in the next decade would be in the data 

relay and data management area. In addition, he suggests that satellites 
would be very useful as navigational aids to ships a t  sea. 



It was  apparent that Dr. Laevastu's most basic concerns were in 

the area of priorities. Although he feels that satellite studies and the 

launching of experimental satellites is proper at this time, it should not 

be done without the support of the classical programs that have been in 
operation for many years. He has experienced u*hat he considers to be 

serious cutbacks in his program because people feel that information he 

is seeking to obtain will  be obtiinable by satellite in "just a few years". 

He is very skeptical about these promises and in the meantime the 
development of his program into greater usefulness is limited. In 
addition, he feels that a report such as ours may mislead many people 
into feeling that satellites can do more thc.n is actually true. We identify 

m a ~ y  possibilities for remote sensing from space but if we are not very 

careful in clarifying which of those a re  really feasible in the next ten 

years, people wi l l  tend to be overly-optimistic about zemote sensing and, 

again, support of the classical efforts to obtain this infcrmation will  be 
restricted. In all fairnese to Dr. Laevastu, we must conclude this t r ip  

report by stating that these a re  his most honest concerns, he is by no 

means against the advancement of satellite systems and satellite 
technology but he would like to se3 it advance in a balanced manner 

whereby other priorities a r e  also satisfied. 

Dr. Laevastu was  one of the more cri t ical  members of our user 
survey team. Accordingly, we felt it was  very important to listen 

carefully to his comments so that we would be better able to defend our 
position in establishing the relevancy of ERTS-E and -F for oceanography. 
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S T A T C  OF M A I N E  

DEPARTMENT OF SEA AND SHORE FISHERIES 
STATE nousc 

AUGUBTA, MAINE 04330 

Plr. 13. K .  Loya 
EK TS C/l' P r o j e c t  Elanager 
Systems Croup of TKW Inc,  
One Space Park 
Redondo Beach, C a l i f ' .  90278 

Dear Mr. Loya: 

Having received t h e  second volume of rneasurenlent r c q u i r  e- 
My rnents Tor EK TS E/r, I have r w i e w e d  f u r t h e r  t h e  proposal .  

only comments are t h e  following: 

Page 2-7, and Figurc  14. Under t h e  heading "Year Class - 
S p e c i r i c  Spawning Success" no mention h a s  been made 01  sea 
tempera ture  f l u c t u a t i o n s  a s s o c i a t e d  w i t h  t h e  spawning p a t t e r n  
i n  some species. Tor example, a drop i n  temperature  l'ollowed 
by a risr. is a s s o c i a t e d  w i t h  t h e  o n s c t  01 s e a  s c a l l o p  (Placo-  
p e c t e n  migel l imicus)  spawning. 

Con t ra s t ing  phenomena include long-term subcycles ,  as 
apparcnt ly l ime occurred i n  t h e  G u l l  oi' Maine sitice t h e  miclcl.lr. 
07- tlic! 1 9 t h  Cctitury . 
p r i n c i p a l  c o m n c r c i a l l y - e x p l o i t e ~  L'inl'isli resource i n  the (;ulL' 

Mcnliaden (Brevoor t ia  tyrannus)  w a s  tlic 

b r  klaiiie u n t i l  tjie c a r . ~ y  i300ys. 
been associ;tted w i t l i  t l w  approxinntc  1.y bll-year tcqwrcltiire 
d e c l i n i n g  subcycle  w h i c h  t c rmina tcd  w i t l i  t h e  l i i s t o r i c  rccord 
low i l l  1 9 1 7 ,  as meilsur?d a t  Boothbay IIarbor, Maine, by t h e  I I .  S .  
l ' is l i  and Wildl i l 'c  Scrvicc.  MciihaJen d i d  no t  appear  i n  ~ ~ L I I I -  
dunce aga in  u n t i l  toward the end 0 1 '  the Lollowing W-yeiu 
subcycle  ul i n c r e a s i n g  t empr~ra tu rc .  
a rccord  high i n  J953.  Siricc that t i m e ,  temperatures  haw 
dcc l ined c o n s i s t e n t l y  and s o  has the abundance o 1 int?Jl)ladeIi. 

The decline i n  abundance lias 

T h i s  cycle tcrminated witli 

Pagc 2-15, and l'igurc 1.5, Icc cGvcr I' equeritly is a 
problcm i n  shajlow and i n  c o a s t a l  waters. One [ac tor  has been 
observed i n  a d d i t i o n  t o  t h e  eL'L'ccts oi' l o w  t empera tures  OTI 
some s p e c i e s  -0 t h e  inl ' l~uence O T ~  water1 q u a l i t y ,  c r e a t i n g  il 
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Mr. U .  K. Loya -2 - November 1 2 ,  1970 

r educ t ion  i n  d i s s o l v e d  oxygen and an i n c r e a s e  i n  m o r t a l i t y  rate. 
T h i s  phenomenon appears  t o  be, i n  p a r t  a t  least ,  a r e s u l t  of 
f a i l u r e  of suc€ace t o  bottom mixing. With t h e  impos i t ion  of 
ice between t h e  air and water, t h e  normal oxygenat ion process 
is e l imina ted  o r  d r a s t i c a l l y  reduced,  even i n  an area of con- 
s i d e r a b l e  t i d a l  range. 

Sinccrzly yours ,  
T 

. ’ /  j i i ’  :.- . - / /’ I:. HZ 

KOBEKT L. D O W ,  
Marine Research Director 

KLl)/jwu 



DEPARTMENT OF SEA AND SHORE F18HERIES 
STATE HOUSL 

AUOU8TA. MAINE 043aO 

November 9 ,  1970 

Mr. B. R. Loya 
ER TS E/F Project Manager 
Systems Group of TRW Inc. 
One Space Park 
Redondo Beach, Calif .  90278 

Dear M r .  Loya: 

I f r a n k l y  admit t h a t  I do n o t  unders tand  t h e  i m p l i c a t i o n s  
of t h e  proposed "Advanced Study for  Coas t a l  Zone Oceanographic 
Requirements for Ear th  Resources Technology S a t e l l i t e s  E & F." 
As I expla ined  cve r  t h e  te lephone ,  I a m  very much i n t e r e s t e d  i n  
t h i s  program because of t h e  i n f l u e n c e  of climatic cycles on t h e  
abundance and a v a i l a b i l i t y  of t h e  more important  commercial 
marine and e s t u a r i n e  s p e c i e s .  These c y c l e s  a l s o  have very  prc-  
found i m p l i c a t i o n s  as far  as aquacu l tu re  is concerned. 
t o  me t h a t  t h e r e  are two g e n e r a l  p e r i o d s  which are going  t o  be 
cr i t ical :  

I t  seems 

One i s  t h e  r a t h e r  long-term cycle which is desc r ibed  i n  
t h e  correspondence wi th  Dr. Willett o€ M.I.T. and which is covered 
i n  t h e  two p u b l i c a t i o n s  enclosed as w e l l  as my sumnary of my 
s t u d i e s  d u r i n g  1969 on f l u c t u a t i o n s  i n  abundance of marine spe-  
cies. 
f u l l y ,  w i l l  cover  t h e  pe r iod  1880-1970. There is one problem 
involved i n  t h e  l a t t e r  i n  t h a t  w e  do no t  have s e a  s u r f a c e  t e m -  
p e r a t u r e  r e c o r d s  i n  Maine p r i o r  t o  1905. 
w i th  New Haven a i r  tempera tures  which 20 back t o  t h e  middle 
1700 ' s ,  and t h e s e  may be s u f f i c i e n t l y  r e l a t e d  t o  t h e  same c y c l i c  
p a t t e r n  t h a t  they  can be s u b s t i t u t e d .  

I a m  p r e s e n t l y  working on one on sea s c a l l o p  which, hope- 

I have done some work 

As t h e  d e s c r i p t i v e  term impl i e s ,  long-term c y c l e s  -- t h a t  
is ,  20 years o r  mor2 -- are of i n t e r e s t  i n  f o r e c a s t i n g  f u t u r e  
abundance t r e n d s  of marine and e s t u a r i n e  s p e c i e s .  I n  a d d i t i o n ,  
it would be d e s i r a b l e  t o  have informat ion  on shor t - te rm t r e n d s .  
I am no t  c e r t a i n  what pe r iod  is l i k e l y  t o  be t h e  most va luable .  
I have some evidence t h a t  temperature  changes from day t o  day 
a r e  s i g n i f i c a n t ,  bu t  I have no a r r a y  of d a t a  on t h i s  problem. 

ff-lk 
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M r .  B. H. Loya -2- November 9,  1970 

I have not used a shor te r  t i m e  i n t e rva l  than monthly temperature 
means, but I. do believe t h a t  weekly observations probably w i l l  
be qu i t e  valuable. 

Another problem which is evident is the  difference between 
surface temperature and bottom temperature. 
possible t o  i n f e r  bottom temperatures from observed surface 
temperatures? 
occur i n  February. Minimum bottom temperatures, from observations 
made by departmental b io logis t s  working on t h e  northern shrimp 
(Pandalus e- borealis)  occur i n  la te  May o r  ear ly  June. 
t h e  maximm surface temperatures occur i n  August and maximm 
bottom temperatures i n  November or  December. 

Is it going t o  be 

In the  Gulf of Maine minirmm surface temperatures 

Conversely, 

This l e t te r  and t h e  supporting documents serve more to out- 

I a m  sending it along so t h a t  you w i l l  be more f u l l y  
l i n e  my questions ra ther  than any comnentc on t h e  contents of 
ER TS E/F. 
cognizant of my ignorance before you telephone next. 

L. m s  
tbrine Reoearch Director 

KLD/jwu 
Enc . 
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St*.;c of California 

X e m o r a n d u m  

To : ~ r .  Edward D. Ehlers 
Department of Navigation 

& Ocean Development 

Sacramento 
Room 1336, Resources Building 

Dab 8 November 18, I970 

From : StATE WATER RESOURCES CONTROL WARD 

Subid8 TRW Satel l i te  D a t a  U s e r  Survey 

m y  c l a s s i f i c a t i o n  scheme that is used for information uses  is 
a r b i t r a r y  and the one provided by TRW re la t ing  t o  po l lu t ion  is 
as a r b i t r a r y  as any. The "Implied Information Needs" do not  
form mutually exc lus ive  classes, but  rather overlap i n  numerous 
cases. The "Associated Phenomena" are s i m i l a r l y  overlapping 
classifications. As a r e s u l t ,  it is impossible to determine 
whether omissions from the matrices i n  the U s e r  Survey are 
in t en t iona l  i n  some loca t ions .  

The  l i s t i n g s  of "Environmental Measurables and Laboratory/Survey 
Efforts" refer i n  some cases to determinat ions of specific para- 
meters and sometimes t o  s t u d i e s  of processes i n  the system. 
This is p a r t i c u l a r l y  true of the "Laboratory Studies..." column, 
which i n  Figures 1 & 2 is l i m i t e d  to rather specific ana lyses  of 
parameters8 but in Figures 3, 4 & 5 conta ins  modeling and simula- 
t i o n  s t u d i e s  and no parameter analyses.  In Figures 6 & 7 the t w o  
types of information have been separated by adding a "Statistice" 
column and i n  Figure 9 t h e  d i s t i n c t i o n  between t h e  two columns 
is n o t  clear. 

The data contained in the tables relating scale, accuracy and 
frequency of i n f o m a t i o n  have been filtered through remote 
sens ina  capabilities and are d i f f i c u l t  to consider  i n  terms of 
the basic po l lu t ion  c o n t r o l  program. 

We are unable to provide the kind of evalua t ion  requested by 
TRW i n  a reasonable  t i m e .  It would require a discuss ion  w i t h  
them to determine what the matrices' contents really mean, I 
should note  that  Ocean Data Systems, although using a s l igh t ly  
d i f f e r e n t  approach to the same problem, had the same r e s u l t ,  
There is a break in the logic between the d e f i n i t i o n  of the 
phenomena and the deriv8tion of the paramtars needad. 
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Mr. Edward D. Ehlers -2- 

The r e l a t i v e  importance of t h e  "Implied Information Needs" may 
be of value t o  TRW. For satel l i te  s e n ~ i n g ,  t he  synopt ic  view 
is the primary value. Therefore, p o l l u t i o n  loca t ion  and cause 
and ex ten t  are of special s igni f icance .  The rates of advance, 
c y c l i c a l  v a r i a t i o n s  and accumulation reg ions  follow c l o s e l y  
behind the ex ten t .  The effects on the marine ecosystem would 
be the main i t e m  from the effect class to  be considered on the 
synopt ic  scale. Surve i l lance  i n  optimal cleanup techniques is 
a secondary, bu t  s i g n i f i c a n t  fac tor .  While 0th- needs listed 
may be s i g n i f i c a n t ,  we do no t  recognize the s ign i f i cance  of 
synopt ic  views of them. 

I am so r ry  we cannot offer more detailed comments on the matrices. 
That would require more study than we are able to give t o  it a t  
t h i s  time. 

=/-', 
ROBERT H. LEWIS 
Acting C h i e f  
Planning br Research D i V i d O n  



,Z ate of California 

M e m o r a n d u m  

To I Mr, Ed alers 
Depertment of Navigation and 

&ma 1336, &sourcee Building 
Ocean Deyelopment 

Tbo Rorounor Agency 

Dom bvember l2, 1970 

Sbiwh T R W  Advanced Study - User Survey 

Ihe T R W  user aurvey, dated October 9, 1970, was reviewed per 
your request. The present state of the art of fisheries m- 
agement makes satellite observation6 of very Umited use. 

The proposal presuues that certain observatioos can be related 
t o  population dynamics of 8 particular species and, therefore, 
management of a fishery resource caa be accomplished throw 
more rapid data observatlans and t r d t t a l ,  %e error of  
this  presumption ie that many of the rerCrtionsh1ps that may be 
recozded by a satellite 88 yet have not been related to  species 
abundance sld, therefore, the gathe- of these pieces of data, 
while of Interest, would not -le UB to maage a fishery. 

%ere remains too m y  basic relationships which must be U s -  
covered before adwmced data syst- such 88 this would field 
any usable product. 

One additional tho 
(mackerel anchovies ? iishennen mey have interest in the pro- 
gram if it will enable them to shorten their search tbm in 
locating fish schools, 

t is that the ttrrrS or pelegic wetfiah 



Telephone conversation with. Ed Greenhood of The California Department 
of Fish and Game in Sacramento, 

Ed Greenhood questioned certain of our relationships that appear in 
For example, we identify a need in our documents the survey documents. 

for  information on larval survival success and we quote sea surface 

temperature as a directly applicable remote observable. 

the present state of the knowledge in such relationships and suggests that 
if our charter is confined to consideration of an essentially operational 

satellite system, then we a r e  in e r ro r  to state a t  this time that 

obtaining sea surface temperature will provide the desired knowledge on 

survival of larvae. 
document. Another example that he pointed up was the direct spectral 
detection of fish schools. 
and fish identity is  indeed still in the preliminary research stage and, 

accordingly, spectral identification of fish in our document must fall into 

the category of research eifort. 

He questions 

This also occurs in other places throughout the 

The relationship between spectral signatures 

As a result of the above considerations the recommendation from 
Mr. Greenhood would be that we clearly identify those applications in 

which a reas  well known relationships exist and for  which there would be little 

question as to the feasibility of surveillance in an operational sense. 

For  those relationships that a r e  still in the formative stages of under- 

standing, the way in which the remote observables relate to the knowledge 
that we desire should be made clear. The mission relevancy portion of 
the study would appear to be the most likely spot to t ry  to alleviate any 

such ambiguitie S. 

Two of the major points that Ed Greenhooci stressed regarding 

major problems in the next decade with relevance to fisheries and 

wildlife have to do with, (1) general water quality level of pesticides 

and pollution in our environment, (2) the effects of land modifications 

(especially on waterfowl). 

that have confronted fisheries, having to do with over-exploitatinn of 

fishable stocks, may be overshadowed by the fact that we a r e  poisoning 
our environment. in other words the availability of fisheries stocks may 
be limited more by our activities as far as pollution is concerned than by 
over -exploitation. 

He felt that ironically the classical problems 
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November 1 7 ,  1970 

M r .  B. R. Loya 
TRW Systems Group 
One Space Park 
Bui ld ing  R5, Room 2231  
Redondo Beach, C a l i  f o r n i ?  90278 

Dear M r .  Loya: 

I must apologize for  the  d e l a y  i n  r e t u r n i n g  your survey material .  
M r .  Alverson reviewed the  documents, b u t  h e l d  up on r e t u r n i n g  them 
t o  you u n t i l  I r e tu rned .  

Our  gene ra l  and specific comments follow. Please te lephone i f  you 
f i n d  some of t h e  notesunclear .  

General Comments on U s e r  Survey 

Study is n o t  r e s t r i c t e d  t o  coastal  zone oceanography nor should it 
be. The data  f o r  fisheries which relates t o  the ope ra t ions  o f  t h e  
f i s h i n g  v e s s e l s  must be synop t i c  and must be obtained, processed,  
analyzed and t h e  r e s u l t s  ( i n  simple terms) made a v a i l a b l e  on a r e a l  
t i m e  b a s i s .  For s t r a t e g y  r e l a t e d  to  supply,  demand and price fore-  
casts, the  information and i t s  a n a l y s i s  may lag somewhat and s t i l l  
be use fu l .  

The major problem to  be solved ( i f  t h e  space d a t a  program is i n i t i a t e d  
s u c c e s s f u l l y )  w i l l  be t h a t  of developing models t o  relate t h e  complex 
information t o  f i s h  and f i s h i n g .  

The f i s h i n g  i n d u s t r y  was very poorly represented i n  the Marine 
Community Survey Group. L.M.R. showed t h e  User Survey t o  a f i s h i n g  
c a p t a i n ,  "Richie" Madruga, Captain of t h e  iZ/V Conquest, and t o  
A d m i r a l  L e s l i e  Gheres, Manager of Nat iona l  Marine Terminal, o p e r a t o r  
o f  1 2  t u n a  v e s s e l s ,  and Harold Cary, V i c e  P re s iden t  Planning a+ 
Westgate Ca l i fo rn ia ,  a seafood processing and marketing company. 
The i r  comments have been included i n  our notes. 
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Mr. B. R. Loya 
Page 2 

Tb communicate with the fishing industry. it will be necessary to 
use fishing industry terminology and not space engineering jargon. 
The fishing industry is not engineering oriented to the same degree 
as 

1. 

7. 

3 .  

4.  

5 .  

6 .  

is aerospace and-there are some very good reasons for this: 

There are no schools for fishermen and it is a trade which is 
learned at sea, generally begun after a high school (or less) 
education. 

Successful skippers integrate all the observahles in their head 
and make operating decisions on an experience and intuitive basis. 
There are so many factors involved and so little hard data that 
even a poor skipper can do better on the spot than a sophisticated 
model operated from shore without adequate input. 

The engineers and systems analysts have have already attempted and 
failed to assist the industry. Many of the operators are dis- 
trustful of such an approach because they do not understand it 
nor have they been shown results. 

Processing company executives are largely from the old school aha. 
There are few technically trained people in fish company management. 
Again, experience with Government, university and other industry 
experts has been poor. Most of the fishing industry progress has 
come from within. 

The fishing industry is not peopled (as noted above) by people 
that communicate by written word. graph or flow diagrarrs. Almost 
all of the fishing industry operations which relates to the 
1ogistj.cs of raw material acquisition by plants and fishing 
strategy by vessel operators is done verbally and in a different 
language than that used by engineers and systems people. 

Government and university scientists, NASA and the aerospace 
companies will not change these conditions, so to be successfril 
a system will have to adapt to the fishing industry. 

The volume containing measurement requirements h.m been reviewed and 
the comments have been written on the appropriate pages. 
resolution in feet, we should comment that these values will depend 
on the fishery that is to be serviced. For example, surface schools 
of menhaden are very large and densely packed so that a ground 
resolution cf 100 feet might be extremely useful (10 would be better) 
if the 10 feet were beyond the capability of the satellite technology. 

Under ground 
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M r .  B, R, Loya 
Page 3 

W e  are assuming t h a t  mosaics could be cons t ruc t ed  to widen t h e  f i e l d  
of view _ I -  ce r t a in  phenomenon. For example, the  Miss i s s ipp i  River 
upstrear- - : t i v i t y  and Gulf outf low would r e q u i r e  a very broad 
picture, ' . a * L l l  beyond t h e  view quoted, 

S p e c i f i c  Comments on U s e r  Survey 

2 .2  The Management of Pe r i shab le  Coas ta l  Resources - F i s h e r i e s  

2-15 
1. 

-- 

2. 

3 .  

2-16 
4. 

5 .  

6. 

7. 
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8. 

9 .  

10 * 

C e r t a i n  segments of the United S t a t e s  f l e e t  are l e a d e r s  i n  
technology - shrimp, tuna.  

"Catch per u n i t  effor t  for var ious  coord ina ted  mult i -platform 
tact ics"  - j a rgon  and w i l l  no t  be understocJd. What about 
us ing  " V e s s e l .  e f f i c i e n c y  comparison among gears"?  

Y e a r  class spavning success  - poor t e r m  as t h e  spawning is by 
t h e  a d u l t  s tock  which is u s u a l l y  made u? of s e v e r a l  year  groups. 
The r e s u l t i n g  eggs,  l a r v a e ,  pos t - la rvae ,  j u v e n i l e  and then  
a d u l t  group+ is the year class. 
t o  parent  stock s i z e  and t o  egg and l a r v a l  s u r v i v a l .  

Year class success  i s  r c l a t e a  

V o l u m e  e s t ima tes  would be extremely va luable .  A t  p r e s e n t ,  a l l  
msthods of stock assescment are i n d i r e c t  and obta ined  from ca tch  
p e r  e f f o r t  s t a t i s t i c s  Flus some depth sounder and sonar  
information 

Explained on comment sheet. 

Weight and leagth d a t a  andreading of nard p a r t s  for r i n g s  ( s c a l e s ,  
o t o l i t h s ,  e tc . )  are a l l  r e l a t e d  t o  t i m e  i n  o rde r  t o  o b t a i n  
growth curves.  

Time and l w a t i o & i  and e x t e n t  of spawning grounds r e l a t i v e  t o  
environmental cond i t ioas  may be a key f a c t o r  i n  egg and l a r v a l  
s u r v i v a l  . 

Again, s tock  assessment i n  some d i r e c t  manner would be of  key 
importance. 

Actual ly  these  t w o  c a t e g o r i e s  ~ i o u l a  be combined and t h e  heading 
year  c l a s s  spawning success chimg d as noted i n  o u r  c o m e n t  3 .  

Within the  l i m i t s  of economic t i s h i n g  rates many s t o c k s  do no t  
e x h i b i t  a pd-ent - r e c r u i t  abundance r e l a t i o n s h i p .  Shrimp is  



M r .  B. P .  Loya 
Page 4 

an e x c e l l e n t  example o f  a s p e c i e s  t h a t  shows no c o r r e l a t i o n  
i n  t h e s e  parameters and spawning success ,  egg and l a r v a l  s u r v i v a l  
and growth a r e  apparent ly  r e l a t e d  t o  environmental f a c t o r s .  

11. Yearly v a r i a t i o n s  i n  s u s t a i n a b l e  y i e l d .  There is only  one 
maximum y i e l d  as computed from the va r ious  models, 

2-18 
1 2 .  P red ic t ion  of product ion of r a w  m a t e r i a l  and i t s  e f f e c t  on t h e  

supply,  demand equat ion  is  key f a c t o r  here .  

13, Unloading de lays  g e n e r a l l y  no t  a problem although better 
techniques could c e r t a i n l y  be developed. 

14. F ish ing  p res su re  is r e l a t e d  t o  number of v e s s e l s ,  the i r  
e f f i c i e n c y ,  and t h a t  s i z e  p o r t i o n  of t h e  s tock they a r e  
exp lo i t i ng .  T h e  measurables are t o t a l  ca t ch ,  t o t a l  e f f o r t  and 
c a t c h  pe r  e f f o r t  . 

2-19 -- 
15 .  See comments on page made by Frank Alverson. Although a l l  

t hese  comments and t h e  d a t a  presented  i n  t h e  u s e r s  survey are 
va luable ,  t h e  boundaries of coastal  oceanographic information 
have been extended t o  t h e  o f f s h o r e  areas. I f  t h i s  s tudy w a s  
t r u l y  a c o a s t a l  and e s t u a r i n e  s tudy ,  much of t h i s  would be of 
lesser concern, 

2-20 
See qomments on pages made by  Frank Alverson. 

2 - 2 1  
Weather hazards  f o r  f i s h i n g  v e s s e l s  and weather l i m i t a t i o n s  on 
f i s h i n g  (no t  hazardous b u t  reduce ca t ch ing  e f f e c t i v e n e s s )  a r e  
very important t o  fisheries. Weather f o r e c a s t i n g  and two-way 
network t o  feed and r ece ive  information of t h i s  kind can form 
the  h a s i s  for t h e  o p e r a t i o n a l  strategy netwgrk which one would 
u l t i m a t e l y  wish to  opera te .  There a r e  man1 b a r r i e r s  t o  the  
d i r e c t  set-up of s u c h  a sys t em,  The best fishermen are no t  
i n t e r e s t e d  i n  r a i s i n g  the t o t a l  ca t ch ,  only t h e i r s  - r a i s i n g  
the  e n t i r e  f leet  e f f i c i e n c y  through a grand p l an  w i l l  only 
r e s u l t  i n  their  f i s h  value be ing  reduced (supply,  demand, p r i c e ) .  
As most f i s h i n g  v e s s e l s  are independent u n i t s ,  it w i l l  r e q u i r e  
some i n c e n t i v e  (weather information)  t o  get a network s t r u c t u r e  
e s t ab l !  shed. 

S inqere ly ,  , 

GCB/po Pres iden t 

P.S, Survey m a t e r i a l  has  been r e tu rned  under s e p a r a t e  cover.  
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I. INTRODUCTION 

The interpretat ion of data  remote ly  sensed  ove r  the ocean requi re  a 

sophisticated model  of the emiss ion  and reflection of radiation f r o m  a 
rough sea surface.  A theore t ica l  b a s i s  f o r  the radiative p rope r t i e s  of a 

given sur face  was  first pravided by Peake, 

the br ightness  t empera tu re  and the electromagnet ic  scat ter ing coefficients 

for  the sur face .  

use of the sca t te r ing  f o r m a l i s m  generated with the approximate physical-  

opt ics  boundary f ie lds .  The>e  r e s u l t s  of br ightness  t empera tu re  v e r s u s  

o b s e x a t i o n  angle demonst ra ted  a m a r k e d  sensit ivity to  wind speed (and, 

‘herefore ,  rms sur face  slope) for microwave  frequencies ,  bat  the c u r v e s  

d i i  net r - a t c t  the shape of e x p e r i m e n t d  data ,  

wer  8 fifteen t;, twenty d e g r e e s  below exper iment .  

invetigation was  n e c e s s a r y  if requi red  t empera tu re  dete rnd nation a c  cu - 
r a c i e s  of one degree  Kelvin w e r e  to be reached.  

1 who der ived  a relation between 

2 Stogryn h a s  applied this  re la t ion to  u a t e r  su r f aces  by 

6 

3 and predicted r empera tu res  

Clear ly ,  a more thorough 

The TRW theoret ical  model  d i scussed  h e r e  is a complete  geometr ica l -  

opt ics  descr ipt ion of ar_gular emiss iv i ty  and electromagnet ic  sca t te r ing  

f r o m  randorrAy rough sur faces .  That  is, t h e r e  is a bas ic  r e s t r i c t ion  that 

the wavelength of i n t e re s t  be sma l l  c0mpare.J with the cha rac t e r i s t i c  scale  

lengths of the I mdom p r o c e s s  represent ing  the su r face ,  but the effects  of 

sur face  shadowing and multiple s ca t t e r  are included. 4’ Both ef fec ts  a r e  

absent  in the Stogryn calculation, as  wel l  as in any ana lys i s  based  on the 

physical-optics approximation. 

ove r -e s t ima t  

c o r r e c t e d  the , ry  is a necess i ty  i f  meaningful r e s u l t s  are to bc obtained 

f o r  large observat ion angles  (e. g., the Stogryn theory predic t s  negative 

br ightness  t e m p e r a h r e s  f o r  large angles) .  

t e r ing  pa t te rn  due to multiple -scatter effects i n c r e a s e s  with increas ing  

rrns slope of the sur face ,  a n J ,  dependent on polarization and angle of 

incidence,  double s c a t t e r  can be important  even f o r  re la t ively smooth 

sur faces .  An additional feature of the TRW model is the t empera tu re  

contribution due to  a wind-driven spray layer  j u s t  above the sur face .  The  

sp ray  layer  will modify, by absorpt ion and emiss ion ,  the intensity of 

radiation incident on, and sca t t e red  by, the sea sur face .  The TRW model  

The neglect of shadowing r e s u l t s  in  an  

of the effective sur face  a r e a  f o r  scat ter ing,  and a shadow- 

The contribution to  the scat- 
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for brightness temperature of a two dimensional randomly rough surface 
has been programmed for the special case of a one-dimensional random 

rough surface (cylindrical symmetry), with the flexibility for parametric 

variations in frequency, polarization, observation angle, surface r m s  

slope, water t e m p  rature, salinity, atmospheric water -vapor density, 

and sea-spray densities. 

combinations of these parameters and compared with experimental data. 

The results of these investigations a re  summarized below. 

The program has been run for a variety of 
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11. SUMMARY 

1) The existing theories of high-frequency ro*Jgh-surface scattering and 
emission a re  limited in their validity to slightly rough surfaces and a r e -  

stricted range of scattering angles. 

(non-energy-conserving) because of the neglect of rough- surface shadowing 

and multiple-scatter effects, and their application to the ocean for real-  

istic conditions can lead to not only inaccurate but even physically mean- 
ingle s s results . 

They a re  internally inconsistent 

2) A theory of shadowing of a randomly rough cylindrical surface was  
developed at TRW. Its generalized to a two-dimensionally rough surface, 
a geometrical oGtic s theory of multiple scatter of electromagnetic 
radiation and the application of the more general scattering theory to the 

development of an improved theory of emissivity have all been accom- 

plished a t  TRW. 

tested fo r  the special case of cylindrical roughness and, in contrast to 
the existing theories, have been shown to be internally consistent (energy- 

conserving) and to Le applicable to the sea under realistic sea and 

observation con+itions. 

The new scattering and emission theories have been 

3) A theorem was  proved which established the existence, and method for 

calculai5on, uf both upper and lower bounds to the true rough-surface 
emissivity. Thus the new theory provides not only a more accurate cal- 

culation of the emission temperature a t  high frequencies but also a means 

of calculating the maximum deviation of the computea value f rom the exact 

value of the emission temperature. 
theories a re  used, not even rough estimates of the accuracy af the cal- 

culated values a r e  possible . 

In coiitrast, if the existing emission 

4) The TRW model has been further extended to include the effects of a 
wind-driven spray layer on the observed brightness temperature. The 
spray model i s  an integral part of the theory and describes, via the 

radiative transfer equation, microwave emission by the layer as well 
as the attenuation of all radiation incident on, emitted from, and 
scattered by, the underlying sea surface. 
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5)  To test the theory, sample calculations of sea  brightness temperature 
were run for a one-dimensional surface roughness model. 

test  calculations, the following conclusions were established: 
Based on the 

Except for  calm seas  and near-normal observation angles, 
the effects of surface shadowing and multiple scatter a re  
extremely important; their neglect can result in e r ro r s  far 
exceeding the tolerable limits. 

The upper bound to the exact emission temperature differs 
from the lower bound by a very small amount. Thus use 
of the new theory wi l l  permit highly accurate calculation 
of the effect of surface roughness on sea  brightness 
temperature. 

The presence, at higher wind speeda .-.f a near-surface 
spray layer can substantially increase the observed bright- 
ness temperature; thus the inclusion of a spray layer as 
an integral part of the theory is a necessary requirement 
for a realistic sea brightness temperature model. Too 
little data exists, at present, on the physical properties of 
foam to warrant the development of a true theory of foam 
emissivity. Experimental evidence does indicate, however, 
that the contributions of foam to the brightness temperature 
can be significant. Thus semiempirical corrections, at 
least, are also required for a complete model. 

6 )  The predictions of the complete one-dimensional geometric -optics 
model were compared with recent experimental measurements of bright- 

ness temperature over very rough seas.  
fit to the data (to within -1OK) could be obtained for all angles, using 

physically reasonable values for those parameters (spray density, foam 
emissivity) for which no ground truth is available. 
theoretical brightness temperatures expected from the proposed complete 

two-dimensional roughness model indicate that an equally good fit to the 

data wi l l  bc abtained using somewhat different, but still  physically rea-  

sonable, values for the spray density and foam emissivity. 

experimental data was also compared with the predictions of the geometri- 
cal optics model of Stogryn and the "physical optics" model of Ulaby and 

Fung. 
-40°K. 

It w a s  found that an excellent 

Estimates of the 

The same 

The former disagreed with the data by-30°K and the latter by 

7 )  The development of a theory of double scatter on a two-dimensional 
randomly rough surface now permits the calculation of depolarization 

cross  sections in high-frequency radar backscatter. The expected 
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sensitivity to surface roughness suggests depolarization measurements 

a s  a possible experimental technique for sea state measurement. 

c-5 



III. STATUS OF THEORIES AND COMPARISON WITH EXPERIMENT 

The  three f igures  in this  sec t ion  show the compar i son  between 

m e a s u r e d  sea brightness  t empera tu res  and the values predicted by the 

t h r e e  existing theor ies  of s e a  br ightness  t empera tu res .  

mental  values shown on the g raphs  w e r e  recently repor ted  by Nordberg ,  

Conaway, ROSS, and Wilheit, i n  "Measurements  of Microwave E m i s s i o n  

f r o m  a F o a m  Covered,  Wind Dr iven  Sea, It October ,  1970 (NASA Coddazd 

prepr in t ,  submit ted for  publication to the Journa l  of Atmospher ic  

Sciences) .  The  measu remen t s  w e r e  taken over  the North Sea and 

North Atlantic at 19.35 GHz using horizontal  polarization; the repor ted  

data  r e p r e s e n t s  t r u e  br ightness  t empera tu res ,  with rad iometer  antennz 

cha rac t e r i s t i c s  fully accounted for. 

cal ibrat ion co r rec t ion  r equ i r e s  all br ightness  t empera tu re  values  quoted 

in the  r epor t  to be increased  by 10-15°C; accordingly,  the "experimental"  

curve  on the accompanying graphs  is exactly that  repor ted  by Nordberg  

(F igu re  3, c a s e  F, of the re ferenced  document) but with thc br ightness  

t empera tu re  values incremented  by +1SoC. 

tude observat ions over  a ve ry  rough sea. 
s e c )  at the t i m e  of observat ion produced extensive "white wa te r ,  

indicated by visual and photographic observation. 

created in the breaking of the waves is picked up by the wind and c a r r i e d  

through the air, producing the l a r g e  amount of white-water  s t reaking 

observed a t  the t ime of measu remen t .  The wa te r  c a r r i e d  b y  the wind is 

expected to  b e  in two f o r m s  - a high density of individual water  drople t s ,  

producing a heavy s p r a y  l a y e r ,  and "chunks" of foam torn  off the tops of 

breaking waves.  

contributing to  the observed  br ightness  t empera tu re  wi l l  be  somewhat 

larger than the amount a t t r ibuted to  whitecaps (five percent  a r e a  cove r -  

age); the balance of the total  white water  37 p e r  nt total  a r e a  coverage)  

is then in the f o r m  of sp ray .  T h e  m e a s u r e m e n t s  established a br ight-  

ness t empera tu re  of 220°K ( co r rec t ed  to 235OK) fo r  the white water .  

Clear ly ,  a theoret ical  model  f o r  sea brightness  t empera tu re  must  ex- 

plicit ly account not only for s u r f a c e  roughness  but for s p r a y  and foam 

as well .  

T h e  exper i -  

It was a l s o  s ta ted that an absolute 

Case  F r e p r e s e n t s  low alti- 

The  high wind speed (25 m e t e r s /  

as 
The  splash o r  foam 

If this expectation is c o r r e c t  the total  amount of foam 
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In Figure 1, we show the brightness temperatures predicted by the 
Stogryn model (Trans. IEEE, AP-15, 278 (1967) )  for a 25 m/sec wind, 

assuming the Cox and Munk relation between wind speed and surface 

roughness remains valid at this wind speed. 
ment is poor. At nadir (0 ' )  the theoretical brightness temperature ('IB) 
is too small; this is due principally to the neglect of both foam and spray 
in the model. 

too flat; this may be shown to be the result of neglecting multiple scatter 

in the theory. Finally, at angles greater than 60 degrees the very steep 
drop in the theoretical curve is due to the neglect of rough surface 

shadowing effects. 

The agreement with experi- 

For  angles between 0 and 6 0  degrees the curve is much 

In Figure 2, the brightness temperatures predicted by an emis- 
sivity model proposed by Ulaby and Fung (SWIEEECO Record of Technical 

Papers, p. 436,  1970) is compared with the NASA experiment. 

parameter, Co, which characterizes the surface roughness in this model 
was  given the value of 8 1  to correspond to a 1 5  m/sec wind speed and a 
frequency of 19.35 HGz. 
nadir, the model predicts results which a r e  in e r ro r  by over 4aoC (had 
foam and spray contributions been included, as they must, the e r ro r  would 

be considerably larger).  The multiplicative "antenna efficiency" factor, 
K ( K  4 1), defined in the referenced paper, must be set  equal to unity to 

compare with the measured values, since the data have reportedly already 

been corrected for the antenna characteristics. 
angles, the slope of the theoretical curve is approximately double that of 

the experimental curve. The increase in brightness temperature beyond 

8 = 70 degrees is due to refelected sky radiation, the rate  of increase 

indicating nearly specular reflection - a rather peculiar result considering 
the extreme ruughness of the surface. 

agreement with experiment, this model has no sound theoretical basis; 
the method of derivation (described by Fung and Chan, IEEE Trans. , 
Peake, and Peake and Barrick (IEEE Trans., AP-18, 716-725, 1970). 

Furthermore, some years ago w e  investigated an almost identical model 

and concluded that the inconsistencies in the theory were sufficiently 

seriotfs as to render it totally useless for the preciee description required 

to interpret data in terme of the physical properties of the sea. 

The 

The model includes neither spray nor foam. At 

In the middle range of 

In addition to the extremely poor 
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Figure I. Comparison of experiment with theory of Stogryn for a 
frequency of 1.9.35 GHz, horizontal polarization, and wind 
speed of 25 m / e e c  
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Figure 2 .  Comparison of experiment with theory of Ulaby and Fung 

for a frequency of 19 .35  GHz, horizontal polarization, and 
wind speed of 25 m / s e c  
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In Figure 3 ,  the same NASA Coddard data is compared with the 

values predicted by the model of Wagner and Lynch. 
on a theory of surface roughness effects which inc'*,des both rough-sur- 

face shadowing and multiple- scatter effects for a cylindrical roughness 

model; the attenuative and emissive properties of a wind-driven spray 

layer are an integral part  of the rr-del. The theoretical curve shown in 

Figure 3 was based on numerical results computed some time ago for a 

set of values of surface roughness, water and spray temperatures, and 

atmospheric temperatures and humidities. The parameters used in the 
computations do not coincide precisely with the ground truth values pro- 
vided by Nordberg, et al. In this sense the theoretical curve does not 
represent a "best f i t "  to the data. The actual parameters used in the 

theoretical curve of Figure 3 are as follows: frequency = 19.35 GHz, 
horizontal polarizaticn, w a t e r  temperature = spray temperature = 283OK, 

3 sea leve l  atmospheric w a t e r  vapor density of 8 g/m , air temperature of 

290°, and foam brightness temperature of 235 K. An rms surface slope 

equal to  tan20 was used which, for  a cylindrical roughness model, 

curresponds to a wind speed of approximately 25 m/sec. 

coefficieqt through the spray l a y e r  of 0 . 1 7  db is assumed, corresponding, 

at this frequency, to dn average spray rate of 4.5 inches of water per 

hour over a layer 10 meters thick (or 2.25 inches per hour in a 20 meter 

thick laver, etc. ). In other words, if a rain gauge w e r e  positioned hori- 

zontally anywhere within 10 meters from the mean surface it would 
collect an average of 4.5 inches of water in one hour. No data on the 

actual spray density is available but judging from the heavy streaking 

visible in the photographic measurements the spray rate is evidently 

quite high. 

to be at least not unreasonable. 

The model is based 

0 

0 

An attenuation 

The spray rate assumed in the thecretical model is believed 

Finally, the contribution of foam has been included. Foam is 

generated by the breaking of w a v e s  which occurs with increasing fre- 

quency as the wind spesd increases. The data of Nordberg, et al., shgw 
Pn increase in the fraction of tne total surface -.rea covered bv whitecaps 

from 0 to 7'70 as the wind speed increased from 6 m/sec to 13 m/sec;  at 
higher wind speeds this fracticc 'ien dropped to  5%. This decrease is 

believed ta be the resu l t ,  not of fewer breaking waves (which is most 
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Figure 3.  Comparison of experiment with theory of Wagner and Lynch 
for a lrequency of 19 .35  GHz, horizontal polarization, and 
wind speed of 25 m/sec 
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unlikely), but of the tearing off of the tops of the breaking w a v e s  by the 

v e r y  high winds. Thus foam generated in the breaking process wil l  no 
longer appear as whitecaps but will be carried by the wind and contribute 

to the observed strea'king. Before the wind-carried foam breaks cp into 

water  droplets to form the spray layer, it will exist for a time in b d k  

form. Thus to the observed 5Y'foam (whitecap) coverage should rea- 
sonably be added the amount of bulk foam carried along with the spray 

layer. 
due to foam (with the balance, 22% of the observed white water  ascribed 
to water in spray droplet form). Again, the accuracy of this estimate is 

not known but is believed to be not unr5asonable. 

of the emissivity of foam is not known experimentally. 
tion of foam would indicate it to be a very diffuse, essentially Lambertian, 

emitter. However, at a radiation wavelength of 1.5 cm, the bubble struc- 

ture of the foam will be almost entirely smaller than a wavelength and an 

emissivi ty  characteristic of a less diffuse surface would be expected. 

Thus, an angle dependen4:e of cos 0 was chosen for the emissivity. Since 
a single foam patch is much smaller than the radiometer beam diameter 

the brightness temperature contains an  additional factor of cos 8 arising 

from the projection of the a rea  of the patch in the direction of the beam, 
leading to a total angle dependence of cos 8 for  the foam contribution. 

W e  have assumed a total of 15% area coverage, on the average, 

The angle dependence 

Optical observa- 

2 

The brightness temperature.of pure foam, taken to be 235OK 

viewed at nadir, was then weighted by 0.15 (the foam fractional area 

coverage) and added to the predicted brightness temperature of the spray- 
covered rough sea, weighted by 0.85, to arrive at the theoretical curve 

shown in Figuze 3. 

excellent. 

about l°C. 
75*, the Stogryn model is in e r r o r  by as much as 30 C, while the e r r o r s  

in the Ulaby and Fung model exceed 4OoC. 

The agreement with the experimental values is 

The maximum deviation between theory and experiment is 

In comparison, for observation angles between 8 = Oo and 
0 
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IV. DETERMINATION OF SEA TEMPERATURE AND SEA STATE 

Based c : ;he TRW theoretical Studies, a technique for  accurate 

radiometric measurement of sea temperature and sea state has been 

developed. The procedure, as presently formulated, requires observa- 

tions at 2 frequencies, 2 angles, and a single polarization; in most 
steps of the measurement process, only differences in brightness 

temperatures a r e  required, thus minimizing e r r o r s  introduced by the 
(highly probable) absolute calibration errors of the instrument. 

Frequencies of 19 and 10 GHz (vert ical ly  polarized) and angles of 

40° and 60° from the vertical are suggested; although the exact values 

of these parameters are not important there izre reasons for choosing 

them ir. the  general neighbarhood of the values indicated. 
runs made for  the illustration which follows, 19.35 and 9. 3 GHz were 

actualiy used. 

In the computer 

The general Procedure is as follows: 

1) The vertically polarized brightness temperatures a t  19.35 GHz and 
9.3 GHz are measured at an angle of 60° and again at 40"; for each 

frequency the difference of the temperature, 

T(40°), is formed. 

= T(60°) - AT60, 40 

2 )  A "guess" is made of the lowest, TI, and the highest, TI', water 

temperatures likely to occur in the region of ocean being observed. 

3) The value of AT60,40 at 9.3 GHz and the pc r of temperatures 

TI, T" then determine a corresponding pair of \ Lues of rms surface 

slope SI, s". The values of s ' ,  s" may be shown to be independent of 

atmospheric water vapor content and the presence of a wind-driveE spray 

layer .  

4) F rom the measurement of AT60,40 at 19.35 GHz and the two sets of 

values (TI, SI), (TI', s")  so far determined, one can deduce a correspon- 

ding pair of values p',  p"  of atmospheric wa te r  vapor content (or sea 
leve l  water vapor density, in the case of a standhrd atmosphere). 

values of p ' ,  p "  are  also independent of the presence of a spray layer. 

5 )  Using the 9.3 CHz measurement of either T(40°) or  T(60°) and the 
two sets  of values (TI, SI, p ' ) ,  (TI', SI', p"), two new values of water 
temperature Tw', T I t  can be determined. 

is then a new minimum ?nd the larger a new maximwm water temperature; 

The 

The smaller of these values 
W 
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according to our numerical results they w i l l  lie much closer together 

than the original estimates T', T". 
amount then the true w a t e r  temperature has been determined; in addi- 

tion, the surface roughness (or wind speed) and atmospheric water vaFor 

content are also bracketed by the values of (s',  s" )  and (p', p"). 

If they differ by a sufficiently small 

6 )  If IT I'  - T ' 1  
to be new estimates of the minimum and maximum wate r  temperatures, 
and steps (1) through (5) are repeated. 

is not sufficiently small, then Tw' and T I t  a r e  taken 
W W W 

We illustrate the method with a specific example: 

1) Assume the measurement has provided the fol1owing:data: 

at 19.35 GHZ: AT60, 4o = 35OK 

At 9.3 GHz: AT60, 40 = 4OoK and T(4Oo) = 138'K 

Suppose a lso  that, at the time of observation, the wa te r  tempem - 
ture almost certainly lies between 10°C and 20°C; i.e., T' = 283OK, 
T" = 293'K. 

2)  From Figure 4, we see that if the water temperature is as low as 

40°K) can result only if the r m s  surface slope angle is loo. 
is as w a r m  as 2 9 3 O .  the value  AT^^,^^ = 40° can occur only if the rms 
surface slope angle is 11 . 

283OK then the observed temperature difference at 9.3 GHz (AT60, 4o - - 
If the water 

0 

The dependence of the slope determination on atmospheric water 

vapor, at 9.3 GHz, is illustrated in Figure 5. 

curves of Figure 4 (curve b) changes for two extreme values of water 

vapor density - very dry air (p = 0 g / m  ) and very humid air (p = 2 0  g /m ). 

This shcws how one of the 

7 3 

The difference, even for these txtreme values, is negligible. 

3) The pair of values (TI, 9 ' )  = (283OK, 10') and the measured value 

AT60, 40 
will pass one of the family of curves corresponding to diffzrent atmos- 

pheric water vapor densities (3 are shown on the graph); this determines 
the value of p l .  Similarly, p" can be determined from Figure 7 using the 
pair of values (T", sl') = (293OK. 11O). Actually the determi-ation of 
p' ,  p ' '  is better accomplished by using Figure 8 which was  obtained by 

= 35OK at 19.35 GHz locates a point on Figure 6 through which 
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9 . 3  GHz 
VERT lCAL POLARIZATION 

0 )   WATER = 283 [XG 

b) TWATER * 293 M G  

= 303 DEG 
C )    WATER 

Figure 4. The difference ir sea brightness temperature, measured at 
angles of 60 and 40 degrees from the normal, as a function 
of surface roughness and water tempera-ture for a frequency 
of 9.3 GHz and vertical polarization. 
is represented by the arctangent of the rms surface slope. 

The surface roughnees 
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VERTICAL P O L A R I Z A T I O N  
  WATER = 293 DEG 
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b) HUMID AIR ( p  = 20 G/M$ 

Figure 5. The difference in s e a  brightness temperature, measured at 
angles of 6 0  and 40 degrees  as a function of surface rough- 
ness for a water temperature of 293OK. Curves (a )  and (b) 
represent the extreme c a s e s  of very dry and very humid 
atmospheres and demonstrate the independence of the curves 
of Figure 4 on atmospheric water vapor. 
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Figure 6 .  Vertically polarize6 ‘.#righiness temperature differences, at 
angles of 6G and 40 degrees and 1 9 . 3 5  GHz, as a function of 
surface roughness and atmospheric water vapor density; 
the temperature of the sea water i s  2830K. 
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5 

Figurc 7. Vertical polarized brightness temperature differences,  at 
angles of 60 and 40 degrees  and 19.35 GHz, a s  a function of 
surface roughness and atmospheric water vapor density; 
the temperature of the sea water is 2930K. 
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cross-plotting from Figures 6 and 7 and using dTb9, 40 = 35'K. From 
Figure 8 we find p' = 16.15 g / m  and$' = 16.75 g / m  . 3 

(4) Figures 9 - 14 a r e  a set of six graphs,  one for each of six values of 
surface roughness, showing the relation between true and apparent water 

temperature a t  9.3 GHz and an observation angle of 40'. 
(S I ,  p ' )  = (lo", 16.15) one would use Figure 11 and the measured value 

T(40") = 138" K to determine the new estimate of the true water temper- 

ature, Tw'; similarly, Figure 12 could be used to determine Twl' from 
(s",  P I ' )  = (1lC, 16.'i5). To avoid interpolating on the families of curves 

for different water vapor densities, however, it i s  more convenient to 

use  Figure 15, obtained from Figures 11 and 12 for the measured value 
3 T(40") = 138°K. 

3 (llo, 16.75 g / m  ), we find Tw' = 287.65"K, T = 286.15 K, respectively. 

W e  therefore conclude that the water temperature, surface roughness 

( rms  slope a1 gle), and atmospheric water vapor density have the values 

For the values 

Corresponding to ( S I ,  p ' )  = (looJ 16.15 g / m  ), (s", p")  = 

W 

T = 286.9+ - .75"K 

s = l O . 5 t  - 0.5' 

P 

.J 

3 = i6.45 - + 0.30 g / m  . 
(5)  If more accurate values of Tw, s, and Pare desired one would r e -  

peat the above procedure assuming, fo r  the new estimated minimum and 

maximum water temperatures, the new values T' = 286.1S°KJ respectively. 

Salinity of the sea water also appears accessible to unique measurement 

but a lower frequency is, of course, required. The lowest frequency we 

used in our ilumerical calculation was 3.0 GHz; with this frequency the 

prin\-iple of the measurement procedure can be established but adequate 
sensitivity to salinity will require a lower frequency. The procedure is 

based on o w  observation that the difference between the measured ap- 

parent temperature a t  9.3 and 3.0 GHz, measured a t  any convenient angle, 
is essentially independent of atmospheric water vapor content, wzter 

temperature, and surface roughness, but does depend on salinity. The 

sensitivity of the difference measurerrient to salinity and i ts  independence 

of other environmental parameters will  be investigated for  the 9.3 and 
1.0 GHz combination in the near future. 
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19.35 GHz 
VE RT I CA L PO l A R  I Z AT I 0 N 

'60 DEG 'T40 DEG =35 DEG 
= 283 DEG a)  T~~~~~ 
= 293 DEG b, T~~~~~ 

Figure 8. The values of atmospheric water vapor density which, for a 
given sea  slope angle ant! a w a t e r  temperature of 283 o r  
293OK, correspond to an observed temperature difference of 
35OK at angles of 60 and 40 degrees. 

n 
Y 
0- 

e 
W 
I- 

I- s 

1 30 

9 . 3  GHz 
VERTICAL POLARIZATION 
e - 40 DEG 
FLAT SURFACE 
( P )  = G/M3 

Figure 9. The relationship 1 ,tween apparent and true water tempera- 
ture  for atmospheric water vapor densities of 0, 10, 
20 g/m3, fox a surface with r m s  slope angle of 0 degree, 
and an observation angle of 40 degrees. 
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9.3 GHz 
VERTfCAL POLARIZATION 
0 = 40 DEG 

5 DEG SUffACE 
I P I  = G/M 

Figure 10. The relationship between apparent and true water tempe ature 
€or atmospheric water vapor densities of 0, 10, 20 g/m', for 
a surface with rms slope angle of 5 degrees, and an observa- 
Lion angle of 40 degrees. 
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T eK, 
Figure 1 1  . The relationship between apparent and true water temperature 

for a tmoqher ic  water vapor densities of 0, 10, 20 g/m3, for 
a surface with rms  slope angle of 10 degrees, and an observa- 
tion angle of 40  degrees. 
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Figure 12. The relationship between apparent and true water temperature 
for atmospheric water  vapor densities of 0, 10, 20 g/rn3, for 
a surface with rms  slope angle of 11 degrees, and an observa- 
tion angle of 40 degrees. 
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15 DEG SURFACE 

Figure 13. The relationship between apparent and true water temperature 
for  atmospheric water vapor densities of 0, 10, 20 g/m3, for  
a surface with rms  slope angle of 15 degrees, and an observa- 
tion angle of 40 degrees. 
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Figure 14. The relationship between apparent and true water temperature 
for atmospheric water vapor densities of 0 ,  10, 20 g/m3, f2.r 
a surface with rms slope angle of 20 degrees, and an observa- 
tion angle of 40 degrees. 
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Figure 15. The temperature of s ea  wate8 which will produce an observed 
apparent temperature of 138 K, as a function of atmospheric 
water vapor density, for  sea slope angles of 10 and 11 degrees; 
the observation angle is 40 degrees from the nadir. 
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SPACECEFT POINTING REQUIREMENTS 

Since several candidate sensors utilize crosstrack line scanning combined 
with the spacecraft forward velocity to form a strip map image, the 

effects of spacecraft attitude controi mbst be considered. 

that absoldte spacecraft attitude is accurately known from on-board 
references so that spatial elements can be repositioned during ground 
reconstruction of the image to  remove distortions. 

accuracy requirements a r e  dependent on spatial resolution and the 

tolerable distortions for  the specific application. 

measure attitude e r r o r s  and remove them from the data than attempt to 

precisely point the spacecraft. It is, however, important to have 

complete coverage such that a spatially small object o r  phenomena is not 
lost. Increasing overlap requires improved sensor performance over 
the nominal spatial resolution and i m r e a s e s  data rates, and therefore, 

must be traded against attitude constraints. 

freedom influence coverage. Figures 1 and 2 illustrate these effects. 

It is desirable to have large limits on the amplitude as this results in 

fewer correction torques and l e s s  energy expelled. 
attitude correction, imagery may Be lost due to smear. 

It is assumed 

Attitude reference 

It is much easier to 

All three degrees of 

Also, during an 



INSTA ,NTANEOUS FIELD OF VIEW 
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NOMINAL RESOLUTION ELEMENT 

Figure 1, Spacecraft Scan Coordinates 
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SPAC€CRAFT V t L O C l l Y  
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Figure 2. Predominant Scan Errors Introduced by Attitude Drift 
(Figures exaggerated for clarity) 
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APPENDIX E 

DISCUSSION OF SYSTEM ASPECTS O F  PRECISION RANGING 
AND ALTIMETRY 

Introduction and Summarv 

The requirements for precision ranging and altimetry which have been 
identified in this study pertaining to the three National priorities of 
Cartography, Hazards, and Fisheries require precision in  the order 
of 10 cm to 25 cm. In performing precision ranging from orbital a l -  

titudes, one requirement becomes immediately apparent. Knowledge 
of the orbital ephemeris must be more accurate than the value specified 

for ranging accuracy. 

The Ocean Surface Relative to a Geoid 

If the ocean were in equilibrium, with no other forces acting on it than 

the earth's gravitational field, its surface would be a Geoid (an equipo- 
tential surface of the earth's field, allowing for the earth's rotation). 
Deviations of the surface from a geoid a r e  due to a number of causes, 

such as: 

0 Tides 

0 Global circulation (ocean currents) 

0 Winds (air-sea interaction) 

0 Atmospheric pressure 

In order to determine the deviation of the surface f ran a geoid, we need 

a sufficiently accurate measurement both of the geoid and of the height 
of the ocean surface. 

next paragraph. 
or  radar altimeter. 
for  wave height in order to measure the mean surface level. 

The determillation of the geoid is discussed in  the 
The height of the surface would be measured by a laser 

It w i l l  be necessary to determine the correction 

Orbital Conside ratione 

The difficulty of accurately locating the altimeter in the satellite with 
respect to the geoid (mean sea level) surface is a major deterrent to 

€4 



the use of satellite-borne radar o r  laser  altimeter8 of 10 cm accuracy 

in the near future. 
satellite to  the smoothed ocean surface seen by the altimeter; however, 

the translation of this information into distance of the sea surface above 

(or  below) the geoid surface. 
solving for the geopotential both at sea level and a t  satellite level. ) The 

data ultimately desired to 10 cm accuracy by oceanographers aad solid 

earth geophysicists is this height of the ocean surface above the geoid. 

It is feasible to determine the distance f rom the 

(This rather complicated probl'em requires 

To resolve this problem over the long range, it has been proposed in 

the NASA Williamstown Study") that high accuracy high-to-low satellite 

doppler tracking be employed, 

and the satellite's position relative to it would be determined f rom many 
continuous tracking passes over an ocean region of interest. 

(probably synchronous) satellites would be used for tracking the low 
satellite carrying the altimeter. 

located relative to  the geocenter by laser or radar trackers located on 
the continents (see Figure E-1). Then variations in the distance from 

the tracking satellite to the altimeter satellite could be resolved into 

components attributable to  short-wavelength geopotential accelerations, 

long term drag effects, and the predictable variations due to the w e l l  
known long-wavelength geopotential terms. 
Chapter 2 of the Williamstown Study") describes the accuracy which might 
be achieved in the next ten years from such a system. 

The equipotential surface a t  the geoid 

High 

The high satellites could be accurately 

The fo'lowing section from 

In order  to cxploit the satellite altimeter measurements to  the full, it 
is necessary to separate the effects of variations in gravity from the 

observed altitude. The only w a y  this can be accomplished unambigu- 
ously is to determine the geiod independently. 

number of <.oeffieients needed to  describe the geoid to this accuracy, 
possibly as many as 10 , it is not practical to calculate spherical har- 

monic coefficients through an  analysis of orbital dynamics. 

of independent geodetic satellite orbits needed would be greater than 50, 

possibly in  excess of 100. Furthermore, the amplitudes of 'the orbital 
perturbations associated w i t h  harmonics of egree greater than 50 a r e  
well below 0. 1 mm and cannot easily be obst rved. 

Because of the enormous 

4 

The number 
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The method used successfully by Muller and Sjogren") to obtain the 

gravitational field of the front face of the moon should be applicable to  

this problem. The method is to deduce the acceleration 0 1  a satellite 

i rom doppler measurements, which provides a direct measure of the 

component of force acting on the satellite parallel to the propagation 

path. 
orbits, it is possible to  obtain a very detailed gravimetric map through 
direct observation. 

By observation of the doppler shift over a sufficient number of 

Assuming that variations in kinetic energy can be translated into varia- 

tions in potential energy, doppler measurements with an accuracy of 
0. 1 mm/sec betveen a stationary satellite and a satellite in a low orbit 
w i l l  be adequate t o  map variations in the equipotential a t  satellite alti- 

tude to  10 cm. 
geoidal variations depends on satellite altitude, the analytical techniques 
available, and how long an averaging time is acceptable. 

that a doppler measuring accuracy of 0.03 to  0.05  mm/sec for averaging 

times of 10 sec w i l l  be needed to  determine the geoid to an accuracy 
of 10 cm. 

The accuracy with which this can be translated into 

Ne estimate 

The data used by Muller and Sjogren were obtained with a two-way dop- 
pler system using earth-based transmitters and receivers and a trans - 
ponder in the Lunar Orbiter. 
controlled by a rubidium frequency standard. 

plied this frequency by 240/221, resulting in a downlink frequency of 

230C MHz. 
downlink signal with the rubidium standard. 

The uplink frequency of 2115 MHz was 

The transponeer multi- 

The doppler shift w a s  then obtained by beating the received 

The accuracy of the doppler 
measurements was in the neighborhood of 2 mm/sec. ( 3 )  

Using an identical system for the synchronous -to-low-altitude satellite 

measurement should result in doppler-shift accuracies of at least 0. 3 

mni/ sec. The iniprovement results f rom tnree factors: elimination of 

tropospheric propag-Ltion effects, reduction by a factor of about 2 in 

the ionospheric clffects, and reduction of the total propagation time by 
a factor of 10, irliproving the "coherence" oi  the signal that has made 
the round t r ip  w i t h  t h e  s igna l  i t  is compared wi th  in the receiver. 



Further improvement can be obtained by use of either a two-frequency 

yair at  or above 1000 and 2000 MHz or  a single frequency above 20 GHz-’ 

to  eliminate ionaspheric errors .  
10-sec intervals and the number of cycles were measured to a precision 

of 5 nsec, which is quite reasonable, the cmnting e r r o r  would be equi- 

valent to 3.015 mm/sec. 

by taking account of their well-defined statistical properties. ) We esti- 
mate such a system should produce a range-rate accuracy of 0. 1 mm/sec.  

We believe it is possible within the time scale of the Earth Physics Pro-  

gram to achieve accuracies at a level of 0. 03 mm/sec. 

JI 

If the doppler sh i f t  were integrated over 

(Er ro r s  such as this can be further reduced 

System Aspects 

lk crder for the ERTS E/F  satellite t o  meet the requirements of the 

three National priorities for precision ranging and altimetry, a special 
condition would have to be met. Continuous precision tracking of ERTS 
E/F from one or more high altitude (i. e. , synchronous crbit) satellites 

would be required in order to obtain a precise measurement of the ERTS 
E / F  ephemeris. 

lack of continuous coverage. 
Tracking from ground stations is not adequate due to 

Conclusion 

It is unlikely that this special set  of conditions wi l l  be compatible with 

the ERTS E/F  mission. It is therefore recommended that the function 
of precision ranging and altimetry be not considered for the ERTS E / F  
mi s s ion. 

- 
J:C 

It is of interest to note that selecting a frequency above 20 GHe, which 
is  absorbed in the troposphere, could solve a frequency-allocation 
problem, since these signals would not bc detected on the ground. 
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APPEYDIX F 

NOISE CONSIDERATIONS IN SILICON DETECTOR. ARRAYS 

Four multispectral imaging sensors have been proposed for  use in ob- 

taining observations for the four national priorities of Geography/Hydro- 
graphy/Cartography, Hazards, Pollution, and Fisheries. 

these utilizes high-density arrays of silicon detectors. 
of the noise characteristics of these a r rays  follows. 

Each of 

A discussion 

The ultimate sensitivity of a photoconductor in terms of the minimum 

radiation signal which can be detected is given by the ratio of signal 

to noise in the photoconductor. ('1 A general survey >f noise processes 
in photoconductors as a function of frequency is given in Figure F-1, 

according to Rose. (2) There a r e  a number of different sources for 

noise in a photoconductor: (1) Johnson or Nyquist noise - the funda- 
mental noise present in any resistance in thermal equilibrium with 
its surroundings - important only for high frequencies; (2) generation- 

recombination noise - due to fluctuations in the density of f ree  car r ie rs  
because of fluctuations in the absorption of photons, in the absorption 

and emission of background radiation, and in the absorption and emis- 

sion of phonons - important mainly for intermediate frequencies; and 

(3) l / f  noise prominent a t  low frequencies - probably associated with 
surfaces, barr iers ,  acd poor contacts. 

quencies f f and f represent the reciprocal lifetimes of trapped 

charges near a bar r ie r  contact; f is the reciprocal lifetime of photo- 4 
excited carr iers ;  f5 is the reciprocal lifetime of thermally excited car -  

r ie rs ;  and f6 is the reciprocal relaxation time (RC product) of the photo- 
conductor. 

In Figure F-1, the f r e -  

1' 2 3 

Noise currents a r e  random and a r e  added as the square of each noise 
generator considered separately. Low frequency noise, 1 /f,  has no 
quantitative theory but is believed to originate detector surface, con- 

tacts and configuration boundaries. 

with increasing frequency, the noise for silicon detectors measured 
usually disappears beyond 250 cycles per second. Depending on the 

conditions of background radiation, the detector is usually l / f  noise 

Since low frequency noise decreases 

limited below 200 cycles per second. (3)  
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The followiirg equation can be used to define the several noise compon- 
(4) ents. 

where 

i = total noise current, in amperes rms 
kl ,  k2, kg = empirical constants 

f = bandwidth, H z  

n 

f l  = 

f2  - 

I2 - 

- 

I =  1 - 

1 -  
3 

K =  

T =  

R =  

cutoff frequency of gene ration- recombination 
noise, determined by f r ee  car r ie r  lifetime, Hz 
cutoff frequency of thermally generated carr iers ,  
determined by car r ie r  lifetime, Hz 

bias or excitation current, in amperes rms 
photocurrent, amperes rms 

thermally generated current, amperes rms 

Bolt z mann' s constant 

temperature, in degrees Kelvin 
photoc onductor res  is tanc e, ohms 

In the multispectral sensors configured for use in oceanographic appli- 

cations in this study, optics of low f-number have been used in order to 
obtain a high level of cell irradiance in order to obtain near-photon 

noise limited operation of the detector arrays. 

For an a r ray  having a ground resolution of 100 ft. from an orbital alti- 

tude of 300 nmi, the dwell time per element w i l l  be 2. 2 msec, and each 

element of the array wi l l  have an electronic bandwidth of 1/2t = 227 Hz. 
Thus some contribution to the total noise current by l / f  noise may be 

anticipated. In addition, some amount of noise due to electronic 

switching wi l l  be present. 

The specific figures for multi-element arrays using electronic intero- 

gation a r e  highly dependent upon the specific type of array which is 
selected - the values being different for photodiode and phototransistor 
arrays, for the photovoltaic or photoconductive mode of operation, and 
also depending upon the nature of the switching electronics. 

F -3 



In the multispectral sensor configurations which have been presented, 

performance is specified based upon photon-noise limited operation 

of the arrays. 
tent by the additional noise effects defined above. 

of degradation w i l l  be dependent upon a detailed design study using 
noise figures for the specific type of array selected. 

is at the prcsent time in the classified domain. 

The performance figures wi l l  be degraded to some ex- 

The exact amount 

Data of this type 
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